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PREFACE TO FIRST EDITION 


The wnter of a book on Geography can scarcely hope 
to be really ongmal , but every wnter or teacher may 
emphasise those parts of the science which appeal 
most strongly to him, or which seem to him to be most 
important In this book the author has exercised this 
pnvilege freely, and has followed what appears to him 
to be a natural sequence It is perfectly obvious, 
however, that other wnters may prefer a different 
order, and may choose to emphasise other aspects of 
this wide science 

Limits of space have necessitated the sacnfice of 
Mathematical Geography and Cartography, and the 
important branch Oceanography is only incidentally 
mentioned The author has had in view a book which 
I may provide, within moderate compass, an introduction 
to the so-called '' New Geography " It is hoped that 
not only the student but also the intelligent general 
reader may find the book of some interest, and that 
it may serve as a preparation for, and a stimulus to, the 
reading of one or more of the excellent monographs or 
" Regional Geographies " now available in English 
The admirable senes " The Regions of the World/' 
edited by Mr Mackinder,^ and the stimulating ‘‘Europe,'’ 
by Prof Lyde, may be mentioned as examples of books 
to which the present groundwork ” may possibly 
serve as an mtroduction 

^ Rt Hon Sir H J Mackinder 



PREFACE TO SECOND EDITION 

It was pointed out in the Preface to the First Edition 
that certain phases of geography had been sacrificed 
owing to limitations of space Experience has proved, 
however, that modern studies demand the inclusion of 
these phases, and advantage has been taken of the call 
for a new edition to add fuller treatment of them 

The Author wishes to thank numerous reviewers, first 
of all for their kindly notices of the book, and still more 
for many valuable suggestions which are incorporated 
m this Edition 

He IS especially mdebted to two of his colleagues, 
Mr L F Richardson, who has given helpful cnticism 
m connection with the new chapter on “ Climate and 
Weather,” and Mr G Cruickshank, who has given 
valuable advice on the subject of '* Mathematical 
Geography ” Mr A N Wilmore has again helped in 
many ways, especially in drawing many of the maps 
and diagrams, of which a considerable number are 
mcorporated in the added chapters 

Considerable additions have been made to the Bibho- 
graphies at the ends of the original chapters, and a 
fairly extensive list is added to the new matter It will 
be obvious that the reading of Chapter XIX on ” Oceano- 
graphy ” may well follow Chapter VIII , and that 
Chapter XX on ” Climate and Weather ” may be read 
after Chapters XI and XII. 



PREFACE TO THIRD (REVISED 
AND ENLARGED) EDITION 

This new Edition has been thoroughly revised and 
considerably enlarged , and some desirable readjustments 
have been made Additions have been made to several 
of the chapters, and a new chapter has been added 
dealmg with Processes and Agents of Denudation 
Statistics occupy but a subordinate position, and are 
used only m so far as they give precision to the study 
in hand Statistics are proverbially changeable, and 
the last ten or twelve years have been particularly 
trying , it is assumed, however, that the rapid fluctua- 
tions of the post-war years are now giving place to 
more settled conditions, and the years 1928-30 have 
been selected in the hope that their statistics may prove 
fairly representative of the present age 
The Bibliographies have been thoroughly revised and 
generally much extended , most of the books which are 
known to be out of pnnt have been omitted, but a very 
few classics will always deserve a place, although some 
date back for more than half a century , they still 
figure in the lists 

The author is greatly indebted to readers in many 
parts of the world for suggestions In a book of this 
ambitious character a writer cannot hope to be quite 
free from slips , he hopes, however, that no very senous 
errors have been allowed to pass, and he confidently 
trusts to the continued indulgence of a pubhc which is 
far wider than he ever hoped to reach 

A W 
1931 

Messrs Gregory, Bottley & Co , of Church Street, Chelsea, have 
made a collection of minerals and rocks to illustrate this book 
They will gladly supply particulars on request 
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THE GROUNDWORK OF 
MODERN GEOGRAPHY 

INTRODUCTION 

Geography is the science which descnbes the relief of 
the earth's surface, and which deals 'with the phenomena 
taking place upon that surface The stnct etymology 
of the word Geography {ge, the earth , grapho, I wnte 
or descnbe) might appear to hxmt it to a mere descnp- 
tion, but by almost umversal consent the science now 
includes not only a descnption of the surface forms of 
the earth’s crust, but investigates and descnbes pheno- 
mena and endeavours to explain results 

It IS a composite and synthetic saence, relying for 
its data on the more distinctive or speciahsed saences, 
such as astronomy, geology, meteorology, and biology 
There is no defimte hmit between astronomy and geo- 
graphy, or between geology and geography On the 
other side, history and geography have much ground in 
common The science is as composite in character as 
it IS synthetic in its relationships, and consequently 
contains many interrelated and well-understood sub- 
divisions Dr H R Mill, in the stimulating Introduc- 
tion to The Iniernaiional Geography, edited by him, 
gave a graphical representation of the departments of 
tins sjmthetic science, and their relation to each other 
Geography he represents as a pyramid with a broad 

I 
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base of Mathematical Geography On this rests Physical 
Geography, and on this again Biological Geography 
Anthropogeography rests on Biological Geography, and 
the apex of the pyramid is Pohtical Geography 

It is obvious that in such a synthetic and composite 
science different wnters and teachers may attach dif- 
ferent degrees of importance to the vanous branches 
of the subject In the present volume, Geography is 
especially regarded as the science which deals with the 
earth’s surface as the home of man The vanous surface- 
forms and the rock-contents very largely hmit and deter- 
mine man’s vaned activities , and to these must be 
added the factors of chmate, which constitute another 
phase of man’s “ physical environment ” The distn- 
bution of tlie ordinary ammal and plant hfe is more 
regularly hmited and controlled by surface-form and 
chmate, but man has learnt to react upon and control 
his environment, and to combat his limitations 

The book begins, therefore, with Structural Geo- 
GRAPHY, including in this an account of surface-forms 
and rock-contents, and then passes on to the elements of 
Climatic Geography The Geography of Plants and 
Animals follows naturally, and leads up to Human 
Geography, which includes a brief consideration of 
some aspects of pohtical and Economic Geography 
A final chapter deals with Mathematical Geography 
AND Cartography 



SECTION A 


THE STRUCTURE OF THE EARTH’S 
SURFACE, OR THE PRINCIPLES 
OF STRUCTURAL GEOGRAPHY 

CHAPTER I 

THE MATERIALS OF WHICH THE EARTH'S 
CRUST IS MADE 

The earth, on the surface of which we hve, is almost 
spheroidal in shape This globe has an irregular sur- 
face, which is partty covered b5'- water and wholly by the 
atmosphere The surface, and a very slight distance 
below, are the only parts which are accessible to man 
and which he can directly study by experiment and 
observation The diameter of the earth is about 
8000 mdes ^ , the thin surface layer which man has been 
able to study directly is not more than 10 miles in 
thickness at the most The bonngs which have been 
made in search of coal, or metals, or water, are the 
merest pin-pncks m the great globe 
This comparatively thin outer crust is of very great 
importance to man, however, not only because he hves 
on it, but because its nature and contents influence 
him at every point It consists of different kinds of rocks, 
1 See p 442 
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and hence is known as the crust of the lithosphere ^ , the 
covenng of air and the partial covenng of water are known 
as the atmosphere and the hydrosphere ^ respectively 
The rocks of the crust may be seen by removing the 
superficial covenng of vegetation and soil , they may 
be studied in sea-cliffs and nver-cuttings, in many a 
hillside and mountain scarp, and in excavations made 
by man for vanous purposes comparing the 

rocks in different exposures it is seen that there is a 
great vanety of them , in one place the rock may be 
hard granite, in another soft white chalk, m another 
fissile shale or slate The geographer soon realises that 
the whole character of a region depends very largely 
upon the rocks which occur at the surface, and it is 
obviously desirable that he should know something of 
the ongin and classification of these rocks 

The intimate study of the nature and ongin of 
rocks and the method of their classification is a branch 
of the science of Geology Rocks will be studied here 
more from a geographical than from a geological point of 
view, borrowing from the latter science just as much 
as may enable the student to understand how the 
vaned features of the earth's surface depend upon the 
nature and position of the rocks 

Sedimentary Rocks — The most cursory examination 
of many rocks shows them to be similar in com- 
position and in general character to the deposits which 
are now being formed in shallow seas, and especially m 
gulfs and estuanes and lakes Thus the gravel beds 
of Blackheath are very similar to the gravels or pebble- 
beds seen on many parts of the sea-coast The sand- 
stones which form so large a part of the Pennines are 
m general composition quite hke the deposits of the 

^ Greek hthos, a stone , atmos, vapour , hydot , vater , and 
spliatia, a ball or circle 
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shallower parts of such an estuary as the Dee, or More- 
cambe Bay, or Solway Firth The clays of the “ Clay- 
vale/’ which extends diagonally across England from 
Oxford to the Wash, are very similar to the muds 
formed in the estuanes of some of the larger nvers of 
^^^estem Europe 

All such rocks consist for the most part of material 
which has been worn from pre-existing rocks by the 
ordinary processes of erosion, chiefly by frost, ram, and 
nvers, and by the sea They are called Sedimentary'^ 
from the way m which the matenal has been deposited 
They are also known as Aqneons, because they have been 
deposited in water usually The names Aqueous and 
Sedimentary are not stnctly interchangeable, however, 
as some sedimentary rocks are wind-formed This is 
the case with many desert sands, which largely consist 
of particles detached from rocks by great and sudden 
changes of temperature In deserts small rock frag- 
ments may be dnven by the prevalent, steady winds 
for gieat distances, and immense deposits of such 
sands are found in and near many of our tropical and 
sub-tropical deserts The Loess of China — a deposit 
which has a maximum thicloiess of over 3000 feet 
— IS clearly sedimentary, but it is not aqueous as a rule 
It IS probably for the most part \vind-borne, and consists 
of fine rock-dust blown outwards from the middle of the 
great Eurasian continent by the wnds which blow with 
great regularity from the regions of winter high pressure 

It IS quite obvious, too, that mingled with the mud 
and sand deposited in shallow seas, there will be many 
kinds of remains of organisms, especially of those with 
hard parts which are not dissolved readily, such els 
corals, cnnoids, and moUusca Under certain circum 

^ Latin • sedeo sedere, to sit, to settle Latin noun, sedt 
mentiim 
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stances, and more especially m the warmer, shallow seas, 
organic remains predominate over the other constitu- 
ents, and an organic rock is formed, in this case called 
a limestone, because the organic fragments are chiefly 
composed of Calcium Carbonate or Carbonate of Lime 
(CaCOj) On this account, limestones may be grouped 
\Mth the sedimentary or aqueous rocks 

There is yet another group of rocks which may be 
included loosely with the above Deposits of vege- 
table origin are formed, either on the land where the 
vegetation has grown, or in shallow lakes and lagoons 
into which drifted vegetation has been carried in large 
quantity, and where it has mingled with the aquatic 
vegetation of the lagoon itself The peat of the moor- 
lands has been formed by the long-continued death 
and decay of moorland vegetation, such as sphagnum 
or ■' bog-moss,” sedges, rushes, ferns, and other plants 
Fen-peat has been formed similarly in marshy lowlands 
by the accumulation of decayed vegetation such as 
that wluch grov's so luxunantly in the fen-lands of 
England, the Netherlands, and North-Western Ger- 
many In a somewhat similar way coal-beds of different 
kinds were formed in past ages of the earth’s history 
from different kinds of plants which then grew in great 
luxuriance It is quite clear that such rocks are not 
stnctly of the same class as sandstones and shales , 
they may not be, in all cases, even aqueous, but it is 
convenient to group them with the sedimentary and 
aqueous rocks for purposes of study and descnption 
This great class of rocks, therefore, may be classified 
by the geographer as follows 

Sedimentary and Aqueous Rocks 

{a) Sands, sandstones, coarse sandstones or gnts, con- 
solidated pebble-beds or conglomerates The 
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rocks of this group may be termed the sandy or 
arenaceous sub-class 

(6) Muds, clays, shales, slates This is the clay-shale 
or argillaceotis sub-class 

(c) Limestones, made up chiefly of the hard calcareous 
parts of sea-organisms, animal, or plant (the 
former predominating) This is the calcareous 
sub-class 

{d) Rocks of vegetable ongin , peat, brown-coal or 
lignite, coal, cannel-coal, anthracite This is 
the carbonaceous sub-class 

Igneous Rocks — ^This great class of rocks is quite 
different m ongm from those considered above The 
common feature of these rocks is that they have all 
solidified from the molten condition , but ]ust as in 
the case of the sedimentary class, there are great differ- 
ences in the characters of the numerous rocks included 
in the Igneous class 

The simplest and most obvious sub-class includes 
those rocks which have been poured out in the molten 
condition from cracks and fissures in the earth's crust, 
or from the craters or flanks of volcanoes These are 
the lavas, which, when cooled and solidified, are named 
volcamc rocks Lavas vory very considerably not 
only in their chemical and mineralogical composition, 
but also in their physical properties , some are more 
liquid than others — they possess a lower melting- 
point, and hence when poured out on the earth's sur- 
face from a crater or fissure they flow much more 
perfectly and extend to a greater distance Some 
lava-flows are thus of great extent while others are 
much more limited in area Modern lavas from the 
volcanoes of Iceland have covered scores of square 
miles, while, on the other hand, in many parts of the 
world there have been poured out viscid lavas which 
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have flowed very imperfectly and which have solidified 
somewhat after the manner of the tallow on an old- 
fashioned tallow candle The outpourings of highly 
liquid lava are of importance to the geographer because 
extensive plateau areas in the Deccan of India, in 
South Afnca, in Eastern Afnca, and in the region west 
of the Rocky Mountains m North America are largely 
occupied by these solidified fissure-lavas or plateau- 
lavas, as they are often called 

Another type of volcanic product consists of the 
fragmentary matenal ejected m explosive outbursts , 
this may vary from the finest impalpable dust to large 
bombs or irregular fragments, and the solidified de- 
posits thus foimed may vary in texture from a fine- 
grained " ash ” to a breccia made up of large, irregular 
fragments The explosive outbursts of some volcanoes, 
such as, for example, Vesuvius, scatter enormous 
quantities of such fragmentary matenal over the region 
in the immediate neighbourhood of the volcano It 
was chiefly such showers of volcanic ash that buned 
the cities of Herculaneum, Pompeii, and Stabise in the 
classic eruptions of A D 79 

It may be pointed out that some deposits formed 
m this manner have certain features in common vnth 
many of the sedimentary rocks alread}^ described 
Submanne deposits of fragmentary volcanic matter are 
known which contain fossils, and stratification is often a 
marked feature of these “ tuffs ” or beds of volcanic ash 
At the summit of Snowdon may be seen beds of well- 
stratified volcanic ash m which fossils are quite common 

In many volcanic regions these fragmentary volcanic 
rocks cover vast areas, and provide by their weather- 
ing a very fertile soil They are thus of considerable 
interest to the geographer as well as to the geologist 
In a subsequent chapter dealing with " land-forms,” 
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it will be shown how the famihar mountains known as 
volcanoes are in large measure built up of volcanic ash, 
breccias, and lava-flows 

Another group of igneous rocks includes those which 
have not a superficial on gin, but which have sohdified 
below the surface and have come within the scope of 
the geographer owmg to the removal of the overlying 
rocks by denudation Those which are of greatest 
importance are as follows 

(а) Sheet-hke intrusions of molten matter, the latter 

having come from some subterranean source, and 
the intrusions having been thrust into rocks 
already existing, more or less along their bedding- 
planes or planes of stratification ^ Such sheets are 
known as “ siUs ” , they are not easily distinguish- 
able from lava-flows in many cases, and their 
geographical relationships are often very similar 
fill) Intrusions having a more or less vertical direction 
or trend, which may be in the nature of vertical 
or highly inchned sheets, “ pipes ” of varying 
size and extent, which probably communicated 
with some deep-seated reservoir of molten rock, 
and which probably served as feeders for long- 
continued outpounngs of lava To these may 
be added the sohdified matter in necks and caul, 
drons of volcanoes from the craters of which lava 
was poured out and fragmentary matenal ejected 

(б) Large masses or bosses of varying size and shape 

which have sohdified at somewhat greater 
depths within the crust , which have in con- 
sequence of their depth sohdified slowly and 
under great pressure, and the individual con- 
stituent minerals of w'hose rocks have been more 
perfectly developed in consequence 
^ Latin siraitwi, a layer or bed 
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Those under (b) are the sub-class known as Phdonic 
Rocks , those under {a) and (^Ti) are generally termed 
Intrusive Rocks It is not easy, in many cases, to decide 
whether a rock should be described as plutonic or m- 
trusive ^ 



The regions where granite crops out at the surface 
are shown 

Fig i —Chief Granite Areas in British Isles 


^ See the table on p 475 
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Among the Plutonic rocks granites are the most 
important to the geographer, and basalts among the 
Volcanic rocks sub-class, because these are found in 
larger quantities than the other t5q)es Granite forms 
the surface rock in several of the wilder mountain 
distncts in the Bntish Isles This rock now appears 
at the surface because the rocks under which it con- 
solidated at considerable depths have been removed by 
denudation Basalt and rocks closely related to it in 
composition form the greater part of the volcanic 
plateau of Antnm, including the interesting rocks of 
Giant’s Causeway Fingal’s Cave, m the island of 
Staffa, IS a remnant of a similar wide sheet of basaltic 
rocks of the same age as those of Antnm 
Metamorphic Rocks — The rocks of which the earth's 
crust IS composed are always being acted upon 
by many natural forces and agents which produce in 
them some kind of change, either chemical or physical 
Water penetrates those which are readily permeable, 
and flows along the bedding-planes and cracks of those 
which are less permeable, and by means of its own solvent 
action and the substances it contains in solution it 
c effects, in the course of time, great changes in the rocks 
through which it passes At great depths, where the 
temperature is higher than at the surface, water exerts 
a greater influence and causes changes of a more 
extensive character Other hot hquids and gases are 
no doubt present at these greater depths, and changes 
in chemicd composition and phj^ical character must 
be caused by their action We must take into account 
the influence of great pressure, both that which is due 
to the mere weight of overl5ang rocks and wluch is called 
static pressure, and that which is due to great lateral 
movements in the earth’s crust and which is called 
dynamic pressure It is not suggested that these vanous 
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forces and agents act separately or independently, or 
even that they can be separated from each other logically 
Sometimes one or other is of greater importance, but 
usually their actions are interdependent 

Great changes are thus produced in all rocks, the 
amount of change depending on the time dunng which 
the rocks have been acted upon, and on the intensity and 
character of the agents and forces concerned There 
are some roclrs which have been changed so completely 
that their onginal characters are practically destroyed, 
and it IS by no means easy in many cases to determine 
the onginal nature of the rock Such completely 
changed rocks were called inclamorphic'^ by the great 
geological teacher Lyell, and in his day (his teaching 
extended from about 1830 to 1875, and he first used the 
term metamorphic in his “Pnnciples of Geologj'” in 1859) 
very little v as really known of the origin of the rocks of 
this great class Thanks to modern studies, however, we 
now know that they were ongmally igneous or aqueous 
rocks, which have been so changed in character as to 
deserve a new name It is to this great class of re-formed 
or re-moulded rocks that the name metamorphic is 
applied now 

Such rocks are of widespread occurrence, and as they 
give nse to distinctive types of scenery, and are often 
found to contain considerable quantities of metallic ores 
and other " minerals,” they are of great importance to the 
geographer The chief kinds are those named Giieiss^ 
and the Crysialhne Schists ® Most gneisses are almost 
certainly altered plutonic rocks , many crystalline 
schists are ]ust as certainly altered aqueous rocks A 

^ Greek vieiUt cnange , moiplie, form or character 

“ Gneiss, a German word of unknown origin 

^ Greek schisios, divided 
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typical gneiss consists of irregular folia of a number of 
minerals, such as quartz, felspar, and mica , such a gneiss 
is probably a plutonic rock of the granite sub-class com- 
pletely altered A schist usually consists of finer foha 
of quartz and a mineral such as mica Metamorphic 
rocks cover very large areas of the earth's surface 



Fig 2 — Map or Metamorphic Areas in Europe 


The map (Fig 2) shows the European regions where 
such rocks are predominant 

There are thus three great classes of rocks 
Aqueous and Sedimentary Rocks 
Igneous Rocks 
Metamorphic Rocks 

The surface of the earth consists of these in very 
different proportions m different regions Sometimes one 
class occupies a very wide area, as, for example, the meta- 
morphic rocks of Finland and Northern Scandinavia 
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On the other hand, the Bntish Isles contain representa- 
tives of all the classes and almost all the sub-classes, 
though, as we shall see later, certain well-defined 
geographical districts in the Bntish Isles are occupied 
almost solely by one kind of rock 

The geographer must constantly ask what are the 
rocks which occur m a region, because the scenery, the 
fertility of the soil, and the occupations of the people are 
so largely dependent upon the rocks As already in- 
dicated, granites, for example, are hard, and usually give 
nse to infertile moorland or mountain conditions 
Recent volcanic rocks, especially of the more basic • 
t5^es, weather into very good soil and give nse to some 
of the most fertile regions on the face of the earth 
Much of the wonderfully fertile soil of Japan is denved 
from volcanic ash, as also is the highly productive soil 
in the neighbourhood of Naples Metamorphic rocks 
are generally hard, and are associated ^vlth rugged 
scenery and infertile soil Aqueous rocks are usually 
associated with gentler and softer scenery and with 
more fertile soil, though there is a considerable difference 
between the conditions produced by the vanous types 
In the chapters deahng with land forms, and in the 
section dealing with economic geography, further 
reference wiU be made to some of the characters and 
properties of the different classes of roclcs 

The Relative Age of Rocks 

There is another point of view from which rocks 
must be considered by the geographer, and that is their 
relative age The actual age of even the youngest rocks 
is practically unknown, certain exceptions being, of 
course, some volcanic rocks and aqueous rocks 
formed within histone times We can make more or 
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less plausible estimates of the age of some of the stratified, 
aqueous rocks, and of the time required for their 
formation, but at the best they are only estimates, and 
may possibly be very wide of the mark We can, how- 
ever, distinguish older from younger rocks, and so make a 
relative chronology of their formation 

In the case of some of the igneous rocks, more especi- 
ally the plutonic sub-class, age is not of very much im- 
portance to the geographer, as plutonic rocks of very 
different ages, but of the same general composition, 
produce, on the whole, the same general types of 
scenery Thus the granites of the central Highlands of 
Scotland, of Dartmoor, of the Wicklow Hills and of the 
Mourne Mountams give rise to very similar geographical 
conditions, though they are certainly of different ages 
It IS, however, somewhat different with the aqueous 
rocks Here age is of very great importance, and the 
student of geography must be acquainted with the 
elementary pnnciples and the terms used The strati - 
graplucal geologist determines their relative ages by 
using two well-imderstood pnnciples The first is that 
of superposition it is obvious that, in the case of 
normal aqueous rocks occup3ang their onginal positions, 
newer rocks must overhe older ones , that follows from 
the method of formation This point may be bnefly 
illustrated The Chalk of the Enghsh North Downs 
and the Chiltem Hills rests on a vanable deposit of 
sand, and this in turn on a clay The clay, called the 
Gault, IS obviously the oldest or earliest formed of these 
three formations, and the Chalk is the newest The 
sequence is as follows 
Chalk 

Sand (" Greensand ”) 

Clay (" Gault ”) 

In the Pennine moorlands and on their flanks are the 
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beds containing our coal-seams , the senes is called the 
Coal Measures These rest on a thick senes of coarse 
sandstones or gnts , and these in their turn overlie a 
thick senes of beds which are mostly calcareous The 
coal measures are the newest of these three formations , 
the limestones (the calcareous senes) are the oldest 
Tabulating as before, the sequence is 

Coal Measures 

Gnts {“ Millstone Gnt ”) 

Limestone Senes (“ Carboniferous Limestone ”) 
The second pnnciple used is not so obvious, but 
its enunciation came as the result of patient researcli 
combined vath bnlliant insight, ]ust as with so 
many other important scientific generalisations 
Wilham Smith, an Enghsh engineer, a little more than a 
century ago, not only clearly stated and emphasised the 
pnnciple of superposition bnefly outhned above, but 
he was the first to lay down the pnnciple that rocks of 
the same age contain, broadly speaking, the same kinds 
of fossils, and succeed each other in the same general 
order It is thus possible to compare rocks in different 
regions For example, there are rocks in North 
Amenca which contain the same general fossils as those 
found in the hmestones of the Penmnes, and we have 
no hesitation in saying that the two sets of rocks are of 
the same age approximately The well-known shell- 
beds of East Angha contain the same fossils, in general, 
as certain beds in the plains of Western France , we 
unhesitatingly say that these East Anghan and French 
formations are of about the same age The fossils in 
these latter beds are absolutely different from those 
found in the Pennine rocks Hence these deposits are 
not of the same age as the East Anghan beds 

Relying on these pnnciples, the geologist has been 
able to arrange a table of aqueous rocks according to 
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their relative ages, using descriptive names derived in 
some cases from a region where the particular rocks 
either were first studied, or are very well developed, or 
from some fairly obvious feature of the rocks themselves 
The student of geography contmuaUy uses the geologist’s 
relative time-scale of rocks Such an abbreviated scale 
is given here , a fuller one will be found in the Appendix^ 
PP 476-78 


Recent and Pleistocene 

CiiNozoic or Tertiary j 

'Pliocene 

jNIiocene 

Ohgocene 

.Eocene 

Mesozoic or Secondary- 

"Cretaceous 

Jurassic 
^ Triassic 

■■ 

"Permian 

Carboniferous 

[Devonian 

f Silurian 

Ordovician 

[Cambrian 

Pre-Cambnan and Archaean 


The Lithosphere in Relation to the whole Earth 

The student of geography is mainly concerned with 
processes and events which may be observed on the 
earth's surface, but he cannot be indifferent to what 
takes place m deeper parts of the lithosphere, and he 
soon feds himself inquirmg as to the relations between 
the lithosphere and the other parts of the sphere The 
chemical constitution and the physical properties of 
the rocks forming the lithosphere are open to his m- 
2 
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vestigation, and there is now a vast amount of accumu- 
lated knowledge at his disposal The density of the 
rocks of which the lithosphere consists varies from little 
more than i, in the case of certam lignites, to about 
33m some heavier basalts Taking an average, and 
allowing for quantitative occurrence, it seems quite 
certam that the average density of the observable 
crust IS between 2 5 and 3, probably between 2 6 and 
2 8, and very possibly about 2 67 The density of the 
whole earth is not far from 5 5, or the average density 
of the rocks of the observable crust is slightly less than 
half that of the whole earth It is assumed from this 
that the earth’s interior is much heavier than the litho- 
sphere, and the belief has grown up that the earth has 
some approach to a zonal structure 

It IS suggested that the greater part of the earth’s 
interior consists of nickel-iron , this is the barysphere 
Between the lithosphere and the barysphere is a zone 
of different constitution, about which there are different 
theories or suggestions Some speak of it as a weak, 
plastic layer , others suggest a zone of liquid basalt 
Some suggest well-marked discontinuity , others suggest 
that it is a zone which passes up gjadually mto the lower 
parts of the lithosphere, down mto the outer parts of 
the barysphere This viscous, plastic, or liquid zone 
IS (so it IS suggested) at a depth variously estimated at 
from 30 to 60 miles , above this the lithosphere behaves 
generally m a way which can be understood from our 
observations made at and near the surface 
The lithosphere is made up of rocks of different 
densities, but these rocks are not distributed altogether 
promiscuously , it is found both by observation and 
experiment that the lighter rocks occur m larger quan- 
tity m regions of high mountains and plateaux, and 
the heavier rocks under the seas and the great contin- 
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ental plains The rate of vibration of a pendulum of 
given length depends upon the intensity of gravity , 
and the direction of a plumbdme is influenced by the 
attraction of great elevated land masses Observations 
of both of these teach that the materials of the litho- 
sphere are lighter on continental plateaux, heavier on 
the sea floor 

The anomalies stated above are explained by the 
Doctrine of Isostasy, which suggests that the mass of 
matter standing upon a given area is approximately 
the same whether it be under a highland region or a 
lowland Thus, stated quite crudely, a column of 
lithosphere material measured from the level of no 
strain at, say, 40 miles below the mean surface of the 
earth, may be 45 miles under the Himalayas, 37 miles 
under the neighbounng Indian Ocean — and these will 
be of the same mass per unit area Merely as an illus- 
tration such would be the case if one were of the density 
of light granite, the other of a heavy basalt 

If there be, in fact, such an isostatic balance in the 
lithosphere, it follows at once that there must be a 
corresponding isostatic compensation The material 
of high mountam masses and plateaux is for ever bemg 
removed by erosion and carried to the lowlands and 
seas , it is suggested by some geologists that there is 
an underflow of plastic or liquid material m the opposite 
direction, and so the isostatic balance is mamtained 

If we accept the doctrine or suggestion of isostasy 
and the existence at a very moderate depth of a plastic 
earth-laj^er, it becomes no longer difficult to visualise 
movements in the “ solid ” earth’s surface movements 
not merely involving changes of level, but movements 
m a lateral direction which cause changes of latitude or 
longitude, or both, of a place It is claimed that such 
changes must now be accepted as among the undisputed 
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facts of nature It would not be a difficult farther step 
to believe that whole segments of the crust might 
actually slip on the crushed, plastic layer Such, m 
its extreme form, is the so-caUed Wegener Theory, which 
postulates the “ drift ” of the continents, or, to quote 
a concrete example, the formation of the Atlantic by 
the drifting or slipping westward of the Americas from 
the Eur- African I and- mass 

The Doctrine of Isostasy is still doubted by many 
geologists, and the Wegener Hypothesis is probably 
still farther from fuU acceptance There is already a 
considerable literature on the subject scattered through 
the Geological and Geographical journals The Encyclo- 
pcedxa Bntanmca, I 2 th edition, 2 vols , and the so-called 
13th edition, 3 vols , contam good articles on the subjects 
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CHAPTER II 


VOLCANOES AND VOLCANIC MOUNTAINS 

The surface-form of the earth is profoundly affected by 
the ejection of material from within the crust Not only 
IS its contour modified, but the presence of ejected 
material and the frequency and manner of its ejection 
are of great importance to man in connection with the 
habitability of various regions Hence we must make 
at least an elementary study of the results of volcanic 
phenomena The physics of eruptions, the study of 
underlying causes, and the precise sequence of events 
belong to the domain of Physical Geology, and they 
will only receive incidental reference here We 
are concerned with the geographical aspect of the 
subject 

For our purpose a volcano may be defined as a vent 
from which gaseous and also either solid or liquid 
materials, or both, are ejected The important sub- 
stances to the geographer are the liquid rock-material 
called lava, and the solid material known by various 
names 

Lava, or molten rock-material, varies very con- 
siderably in cheimcal composition and m physical 
properties AH la\%s consist chiefly of mixtures of the 
silicates of alumma, soda, potash, lime, magnesia, and 
iron oxide In classification, those lavas which con- 
tam large proportions of the oxides of lime, magnesia, 
and iron are called basic lavas These have lower 

93 
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melting-points, and thus remain liquid much longer than 
the acid lavas which have higher melting-points It is 
clear, therefore, that the chemical composition and 
associated physical properties of lavas will have a great 
influence on the form of accumulation produced by their 
extrusion from the earth's crust 

Much of the matenal which was undoubtedly molten 
within the crust is not ejected in that condition It has 
already become solid within the “ volcano," and is 
ejected in explosive outbursts as showers of sohd 
matter of varying form and size The larger pieces are 
known as volcanic bombs , smaller and more or less 
rounded pieces are known by the Italian name, lapilh 
Very fine volcanic dnst is often ejected in large quan- 
tities , the name needs no explanation Volcanic ash 
IS a vague term used to descnbe indefinite mixtures 
of dust, lapiUi, and irregular fragments When this 
has set and hardened it is usually spoken of as 
if a number of the fragments of which it is composed 
are somewhat angular and irregular in form and size, 
the resultant consolidated deposit is a volcanic breccia 
The fragments in an ash or breccia will obviously 
show some or other of the characters of the lavas from 
which they have been denved Some fragments are 
glassy, some are ropy If they are " cmdery " in appear- 
ance the term scoria is generally applied The name 
pumice is used for highly vesicular matenal, which is 
clearly the sohdified froth or scum at the surface of a 
lava-flow, the vesicular character being caused by the 
escape of steam There are, as may be expectea, all sorts 
of combinations of these vanous states Many schools, 
colleges, and museums have good collections of examples 
If at all possible the readershould inspect such a collection 
Extrusion of Lava — It is now generally accepted 
that lava may be extruded from two kinds of vents 
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Almost all the lavas which have been poured out within 
the histone penod have come from some locahsed opening 
in the crust, round which, as we shall see later, a vol- 
canic mountain is built up It is believed now, how- 
ever, that in addition to these locahsed lava-centres, 
molten rock-matenal has often been poured out from 
long hnes or fissures in the earth’s crust 

Fissure-lavas — It seems highly probable that im 
mense fissure-lavas have been extruded in more than 
one comparatively recent geological penod, if we may 
pidge from the nature and extent of the resulting lava- 
plateaux Dunng the Tertiary era lavas of this type 
were extruded over vast areas in Washington, Oregon, 
and Idaho, in the great plateau-regions west of the 
Rocky Mountains In the same era immense fissure- 
lavas were poured out in the north-west of the Deccan 
of India, where there are found some of the most 
extensive lava-flows known To the same great era 
belong the plateau-lavas of the far north-west of the 
Bntish Isles, including Antnm, Mull, and the more 
distant Faroes All these great lava-flows are of basic 
composition With the possible exception of certain 
Icelandic eruptions which took place in the eighteenth 
century, such fissure-lavas or plateau-lavas do not seem 
to have been formed within the histone penod 
Volcanic Mountains , “ Volcanoes ’’ — h. volcano, as 
usually understood, begins with a locahsed crack or 
opening in the crust, from which matenal is ejected 
As already pointed out, this ejected matter may be 
gaseous, liquid, or sohd By the accumulation of the 
sohdified rock-matenal a mountain is m time built up, 
which, in the nature of things, will be more or less conical 
m shape The conical mountain — ^popularly known as 
a volcano — ^may be composed wholly of sohdified lava 
or wholly of fragmentary matter thrown out by ex- 
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plosive outbursts, but in the vast majonty of cases the 
conical pile consists of varying nuxtures of the two 
kinds of ejected matter 

Lava-cones — In several volcanic regions there are 
found conical mountains, built up, entirely or almost 
entirely, of lava The shape of the cone depends upon 
the composition of the extruded molten matter Acid 
lavas are highly viscous, with a hqmdity somewhat hke 
that of thick treacle or tar, and they tend to form 
dome-hke masses Such domes, of recent formation, 

Cr 

A 



Fig 3 — Hawaiian Cone and “ Mamelon ” 

A Diagram of a Hawaiian Cone of very basic lava Crater at Cr 
B Diagram of a “ Mamelon” composed of viscid acid lava 

which occur in the island of Rdunion, in the Indian 
Ocean, are known there as “ mamelons ” They consist 
of lava of rhyohtic composition Camozoic and 
Pleistocene lava-cones, which are dome-hke in shape, 
are found in the Auvergne and in Bohemia 
In contrast with the acid lavas, which tend to form 
domes, the basic lavas flow much more freely, and ex- 
tend to a greater distance from the vent The immense 
lava-cones of the Sandwich Islands, in the Pacific Ocean, 
are formed of such basic lavas Mauna Loa consists 
of httle else, and it has an enormous bulk It nses to 
13,000 feet above sea-level, and the inclination of the 
sides of the cone vanes from 4° to 7° The extrusion 
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of the lava may be judged from the fact that the volcano 
IS over 50 miles in diameter, and that its crater is over 
10 miles in width If the dimensions of this immense 
lava-cone are reckoned from the sea-floor, it is at least 
30,000 feet high, and its diameter is about 160 miles 
Kilauea, a similar volcano in the same island-group, 
has a crater even wider than that of Mauna Loa 

Cinder Cones and Debris Cones — Some volcanoes 
are made up solely of ejected fragmentary matter 
Monte Nuovo, a few miles north of Naples, is a classic 
example This volcanic hill was formed in three or 
four days in 1538 It is almost perfectly conical in 
shape, IS 440 feet high, and over 2400 feet in diameter 
The structure of the mass may be studied inside the 
cratei, which extends to a depth of about 400 feet from 
the summit The cone is built up of fragmentary 
matenal, chiefly trachytic scona and cinder, m which 
there are occasionally found bits of the sedimentary 
rock which formed the ground on which the debns cone 
was built, and through which the eruptive forces had to 
make a passage Bits of Roman pottery were found 
by LyeU dunng his examination of the mountain in 
1859 That famous teacher collected m his Principles 
of Geology excellent contemporary accounts of the 
formation of this " new mountain,” and he also gave 
a clear descnption of its structure and relation to 
neighbounng volcanoes Similar cinder cones of over 
1000 feet high have been known to be built up in a very 
few hours 

Volcanic mountains, almost or quite exclusively 
made of debns, are well known m the Auvergne, in 
Java, and in Mexico In Java there are mountains 
reaching over 9000 feet m height, with a diameter of 
10 miles, which probably consist of fragmentary matenal 
There is a senes of small cones on the Mexican plateau, 
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of which Jorullo is perhaps the best known These 
consist of cinders, sconse, and similar rock-fragments, 
and were formed for the most part m a single senes of 
eruptions m 1759 Izalco, in San Salvador, Central 
Amenca, is another famous example of a cone, mostly 
built of volcanic debns This new volcano was ap- 
parently first formed in 1769 It is still active, and has 
now reached a height of about 2600 feet 
Composite Volcanic Mountains — Most volcanoes 

consist of successive lava flows and alternating showers 



Fig 4 — Diacrammatic Sfction across an Ideal 
Composite Volcano 

The different Kinds of shadings represent successive additions to the 
volcano The composite volcano as represented as resting on a 
floor of rocks, through which the lava is forced up from some 
reservoir below 


of volcanic debns, and represent the efforts of a long 
senes of eruptions The structure of such a composite 
cone may be illustrated diagrammatically by such 
an ideal section as that given m Fig 4 Vesuvius has 
obviously such a structure, for its history is known for 
nearly two thousand years, and the successive lava- 
flows and deposits of ash, lapilh, etc , have been very 
carefully studied dunng the last one hundred and fifty 
years Enough is kno^vn of the history and structure 
of Etna, Tenenffe, Cotopaxi, Popocatapetl, Fujiyama, 
and many other volcanoes to assure us that their 
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general structure is the same as that of Vesuvius It has 
very frequently happened that the mternal structure of 
a volcano might have remained doubtful were it not that 
erosion by frost, rain, and small streams has proceeded 
sufficiently far to reveal the successive lavas and showers 
of debns of which the mountain has been built up 

The building of a large volcano has often com- 
menced with the ejection of cinders and other frag- 
ments, and a debns cone has been formed This has 
been followed by the ejection of lava, which has either 
welled up and flowed over the nm of the crater, or has 
forced a way through cracks in the sloping sides of the 
mountain As the volcano has grown bigger the ex- 
plosive forces have been unable to eject matenal from 
the summit of the crater (which has been closed by 
solidified lava and debris), but have been powerful 
enough to blow away one side, or a portion of one side, 
of the mountain Thus the internal structure of a 
volcano is often completely revealed The ongmal 
greater Vesuvius, known as Somma, was thus breached 
by the histone outbursts of A i> 79 The modern active 
cone IS contained within the broken crater of that greater 
volcano, Somma Several such breached volcanoes, of 
a much smaller size, are to be seen in the volcanic 
Auvergne, and similar structures are common elsewhere 

The structure of a composite cone is frequently 
further compheated by the extrusion of lava and the 
ejection of debns at vanous points on its flanks Thus 
a small volcano is bmlt, reproduang' most of the features 
of the parent cone Such parasitic cones are a well- 
known feature of Europe’s greatest modem volcano — 
Etna, in Sicily 

Not only do composite cones constitute the majonty 
of volcanoes, but nearly all the larger volcanoes are 
presumably of this type The following may be men- 
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tioned as examples Etna, m Sicily, 10,700 feet 
Tenenffe, in the Canary Islands, iz,ooo feet , the 
beautiful cone of Fujiyama, in Japan, 12,400 feet , 
the perfectly formed extinct cone of Shasta, USA, 
over 14,000 feet , and Cotopaxi, in South Amenca, 
19,600 feet The last named is possibly the highest 
active volcano in the world The above are, of course, 
only selected examples 

It has been mentioned that subsequent erosion may 
considerably modify the onginal conical shape of the 
volcano This destructive erosion may continue to 
such an extent that a mountain which is obviously 
bmlt of Igneous matter may show very httle indeed of 
its onginal shape Denudation may even proceed so 
far that httle except the central plug of sohdified lava 
— ^that which fiUed the neck — is left The famous 
trachytic plug of Mont St Michel in the Auvergne, and 
the basic neck, Castle Head, Keswick, are well- 
known examples of such volcanic necks or plugs The 
subject of the denudation of volcanoes wiU receive 
further mention in Chapter V 
Distribution of Volcanoes — ^Mercalh, an Itahan geolo 
gist, has estimated that there are 415 volcanoes on the 
earth’s surface, of which 231 have been active since the 
year 1800 Of these latter the distnbution is as 
follows 

Amenca, 76 

Eastern Asia, 39 

Malay Archipelago, 49 

“ South Seas,” 27 

Atlantic Islands, 20 

Afnca, 7, including 2 in Reunion 

Europe, 8 

Continental Asia,i 3 

^ Excluding the eastern peninsulas and islands. 
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Many of the active volcanoes are situated on or near 
the edges of continents, very frequently on peninsulas 
or islands The Pacific Ocean is almost girdled 
by volcanoes, " The Ring of Fire of the Pacific,” so 
often mentioned in books on geography It is im- 
portant to notice that round the Pacific are so many 
of the long lines of younger fold-mountains mentioned 
m Chapter IV , and there can be little doubt that 
there is some connection between these and the 
volcanoes The Atlantic Ocean has no similar senes 
of Alpine mountains ^vlth steep, continental edges, 
and there is no Atlantic girdle of volcanoes The 
subject IS discussed at length in some of the more 
advanced treatises on Physical Geography, and in works 
on Volcanoes 

Of the 415 active and extinct or dormant volcanoes 
mentioned above no less than 337, or 88 per cent , are 
either on the coasts of the Pacific or on islands in that 
great ocean It is obvious that, in the present geo- 
logical epoch, the Pacific Hemisphere is the chief seat 
of volcanic activity To trace out the coastal senes 
of the Pacific we may begin in North Island, New 
Zealand From there we may follow an almost un- 
broken senes of volcanoes, through the New Hebndes, 
the Philippines, Formosa, the Loo Choo Islands, the 
Kunle Islands, and Kamchatka The senes is inter- 
rupted at the Aleutian Islands to be recommenced on 
the eastern side of the Pacific, where it may be traced 
on the western side of the two Americas as a less con- 
tinuous line From latitude 62° N in Alaska, to 
latitude 22° N in Mexico, recent volcanic rocks are 
widely spread, and volcanoes recently extinct are 
numerous, but there is httle present-day volcanic 
activity In Mexico begins that New World region of 
volcanic activity, which may be traced with some 
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interruptions to the southern limits of the Amencan 
continent Six sub-regions are usually distinguished 

(1) The Mexican sub-region — ^lat 22° N to lat 

18° N 

(2) The Central Amencan sub-region — ^lat 15° N 

to lat 9° N 

(3) The equatonal sub-region of Colombia and 

Ecuador — ^lat 5° N to lat 3° S 

(4) The Peru-Bohvia sub-region — ^lat 15® S to 

lat 23° S 

(5) The Chile-Argentina sub-region — ^lat 23° S to 

lat 42° S 

(6) The Patagonia-Tierra-del-Fuego sub-region — 

lat 42° S to lat 56° S 

This Pacific girdle of volcanoes seems to be continued 
into the Antarctic continent where Mount Erebus and 
Mount Terror occur 

As already mentioned there is no similar giidle of 
volcanoes round the Atlantic coasts, and the coasts 
themselves are quite diEerent m type, there being no 
long senes of younger fold-mountains facing the 
Atlantic Ocean In the West Atlantic are the volcanoes 
of the West Indies, which, beginning near those of 
Mexico, extend through the West Indian Islands 
Mercalh gives nine volcanoes in the Antilles, of which 
SIX are active Soufnere and PeMe are well-known, 
because of their recent activities 

Extending lengthways along the Atlantic, from Jan 
Mayen in the north, through Iceland, the Azores, the 
Canaries, and Cape Verde Islands, is an interrupted 
volcanic belt, containing thirty-nme volcanoes, of which 
twenty are said to be active The majonty of these 
volcanoes are m Iceland 

In Southern Europe there are the famous volcanoes of 
Italy, Sicily, and the adjacent islands, and those 
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of the Grecian Islands These are the best-known 
volcanoes in the world, Vesuvius, Stromboli, and Etna 
having been especially weU studied 

Volcanoes, both active and extinct, are found in the 
Caucasus-Armenian region, where the mighty Mount 
Demavend in the Elburz range is over 19,000 feet high 
This mountain seems to have reached almost the last 
stages of volcanic activity 

A fine senes of volcanoes extends from the Bay of 
Bengal through Sumatra, Java, and the lesser Sunda 
Islands to ]oin the great Western Pacific belt, and in- 
cludes eighty-nme volcanoes, of which forty-nine are 
considered to be active The most violent explosive out- 
burst of modem times was that of Krakatoa in August 
1883, when the greater part of a volcanic island was 
hterally blown away Krakatoa is in the Sunda Strait, 
between Sumatra and Java 

Volcanoes and Fold-Mountains — From what has been 
said already it is clear that there is some intimate 
connection between the existence of active volcanoes 
and the occurrence of long lines of modern Alpine 
mountains When we take into account volcanoes 
which have been active in later Tertiary times, in 
addition to those active m recent times, the connec- 
tion becomes more strikmg It may be noted at 
this stage that most of the Italian and Sicilian vol- 
canoes occur on the inner side of the curve formed by 
the very modern Apennme Mountains The Apen- 
nines are closely associated with the Atlas and Sierra 
Nevada chains, the whole formmg a great Alpine curve, 
enclosmg a deep sunken block of the earth's crust 
There were volcanoes m the neighbourhood of these 
mountain chains in the Tertiary era It has been 
shown that there is a remarkable resemblance m chemical 
composition between the volcanic rocks of different 
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parts of this Western Mediterranean region, possibly in- 
dicating something approaching a common ongm The 
rocks belong to the same petrographical province 
Similarly, inside the long curve of the Carpathians 
are the numerous extinct volcanoes of Hungary and 
Transylvania, of which those of Schemnitz, the Matra, 
Tokay, and the Munkacs distnct are the best known 
The extinct volcanoes of Teschen, in upper Silesia, and 
Bohemia are oiits%de the Carpathian curve Professor 
Judd showed, many years ago, that there is a sharp 
contrast in composition between the igneous rocks on 
opposite sides of the Carpathian chain of fold-moun- 
tains The rocks belong to different petrographical 
provinces This is another way of emphasising the 
close connection between the production of tangential 
folds in the crust and the development of igneous 
activity These phenomena, so important in geography, 
are evidently due to some common cause In addition 
to the above examples, the same intimate connection 
may be illustrated from many parts of the world 
Volcanoes and Eift-Valleys — One of the more re- 
markable cases, of a somewhat different kind from 
those discussed above, is that of the famous nft-valley 
of East Afnca This well-known line of fracture 
extends from the north of Syna, through the 
Dead Sea, the Gulf of Akaba, the Red Sea, across 
Abyssinia, past Lake Rudolf, to the Zambesi region 
Volcanoes, recently extinct or dormant, are associated 
with this great fracture at vanous points, more especi- 
ally in the Red Sea region, where five active and seven 
extinct or dormant volcanoes have been enumerated 
Farther south are Teleki, which was in full eruption in 
1S94 , Ken5^a, an extinct volcano over iS,ooo feet high, 
whose cone is built of lavas and tuffs , and Kilimanjaro, 
nearly 20,000 feet high, with its peaks clothed in 
3 
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snow A much smaller volcano, not far from the great and 
probably extinct Kihmanjaro, w^as m eruption m 1880 

Volcanic action accompanied the formation of other 
nft-vaUeys, for example, those of the Rhine and the 
Midland Valley of Scotland These nft-valleys are 
of very difierent ages, but in each case volcanoes were 
formed as a consequence of, or at least in connection 
with, the sinking of portions of the crust Other 
illustrations are unnecessary , enough has been said 
to show that volcanoes are intimately associated both 
with folding and faulting of portions of the earth’s 
crust, and that both the types of movement mentioned 
m Chapter IV may be accompanied by some manifesta- 
tions of volcanic activity 

Volcanoes and Earthctuakes — It will be noticed that 
the great earthquakes mentioned m Chapter IV oc- 
curred in regions where active or recently extinct 
volcanoes occur The close association of volcanoes 
and earthquakes is notonous, and yet it is not qmte so 
complete as many are tempted to think Every 
region of active volcanoes is subject to earthquake 
shocks of considerable intensity But the converse 
IS not true , every earthquake region is not at 
present volcanic Some of the greatest earthquakes of 
modem times have occurred m non-volcanic regions 
As instances may be mentioned the great earthquake of 
Lisbon m 1755, and the very numerous and often 
violent earthquakes of North-Western India ^ These 
are far from any region of modern volcanic activity 
The subject is mentioned here m connection with the 
distnbution of volcanoes, and their association with 
areas of movement in the earth’s cmst The close 
study of the fundamental relation between the two 
phenomena belongs to the science of geology 

^ The temble earthquake at Quetta in June 1935 destroyed 
the town and caused the death of more than 27,000 people 
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Minor Volcanic Accumulations* --Mud - Volcanoes — 
Hot water containing much mud in suspension is 
ejected from fissures m many parts of the world The 
mud IS usually denved either from sedimentary ar- 
gillaceous rocks or from fine-grained volcanic ash 
Small conical hills with a distinct crater may thus be 
built up Such mud-volcanoes are found in regions 
where volcanic activity is supposed to be on the wane 
Some examples are — ^Baku, on the borders of the 
Caspian Sea, Sicily, Iceland, Central Amenca, New 
Zealand, and some of the islands of Malaysia These 
small " volcanoes ” are of httle geographical signi- 
ficance, though of great interest in connection with 
theones of igneous action 

Geysers — In many regions hot water only is ejected 
at regular or irregular intervals This contains dis- 
solved silica and carbonates, and thus deposits of these 
substances may be formed A small mound may thus 
result in which is a funnel or pipe from which the hot 
water is thrown out The Great Geyser of Iceland is 
this t}^pe, and the name has been applied to similar 
hot-water volcanoes ” elsewhere If the hot water is 
ejected from linear fissures and not from a funnel or 
pipe, terraces rather than cones may be formed The 
forms of the siliceous sinter deposits or of calcareous 
tufa may obviously be most varied Those of the 
Yellowstone Park, in North Amenca, and the once 
famoub terraces of North Island, New Zealand, are 
good examples The most famous geyser regions are 
Iceland, Yellowstone Park, and North Island, New 
Zealand, with others m vanous parts of the world 
Even the valley of the Rhine possesses a small geyser 
These deposits are, again, of httle geographical im- 
portance, but the hot spnngs from which they are 
denved throw hght on the physics of volcanic action 
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Note on Other Fissure Lavas 

Other lavas which are ascribed to fissure eruptions have 
been described in recent years The Stormberg lavas of 
Cape of Good Hope Province and Basutoland occupy an 
area roughly 350 miles long by 150 wide , these lavas are 
of early Mesozoic age Of approximately the same age 
are some immense lava fields of South America, which 
are said to cover an area of 300,000 sq miles, and to have 
an average thickness of 1000 ft* (See Ency B^it , 13th 
edition, vol u ) 
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CHANGES UPON THE EARTH'S SURFACE 
EPIGENE ACTION 

Two groups of forces and agents are for ever modifying 
the external form of the lithosphere those depending 
upon the internal heat of the earth, which are classed 
as hypogene, and those which act mainly on the surface 
locks and are classed as epigene Some of the hypo- 
gene forces and their results were considered m Chapter 
TI , mthis chapter we shall discuss the chief agents and 
forces producing changes on the surface We must 
remember, however, that m separatmg epigene action 
from the work of hypogene forces we are making an 
artificial division , there is considerable interaction 
among the forces and agents, and some overlap m the 
results 

In extended studies of the changes m progress on 
the earth's surface it is sometimes thought advisable 
to consider somewhat separately the forces at work 
and the agents by which those forces act In the brief 
summary study which is possible here we shall consider 
the agents mamly, and the forces voll come into the 
study mcidentally For our purpose we take into 
account the following six agents, remembering all the 
while that our division is an artificial one wind, rain, 
percolating and underground water, run-off water and 
rivers, glaciers and other ice-masses, the seas Let us 
bear m mind also that, broadly speakmg, we may 
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consider the work of each of these agents under three 
phases — erosion, transport, deposition — again a more 
or less artificial separation, employed merely for con- 
venience of study and description 

The Work of Wind — -Widespread areas on the earth’s 
surface are covered either by grass or b}’^ forests , in 
such regions the action of wind as an agent of denudation 
cannot be very great It is where large areas of rocks 
111 still or great accumulations of fragmentary rock- 
material are exposed that wind exercises most mfiuence 
Three types of regions offer noteworthy examples 
(fl) tropical and sub-tropical deserts, (&) regions mainly 
m the middle of continents where there is a long dry 
season, (c) low coast-lands where the retreating tides 
offer big expanses of sand and where strong and preva- 
lent on-shore winds blow 

In tropical deserts the changes of temperature are 
considerable, and the daily range may be very great 
Sir A Geikie quotes Dr Livmgstone as having experi- 
enced such changes that the rock-surfaces were heated 
up to 137° F during the day and then cooled so rapidly 
at night that they were unable to bear the contraction 
without breaking, and sharp angular fragments up to 
100 to 200 lb m weight were split off The late G W 
Lamplugh told the present writer that, on the dry 
plateaux of Rhodesia he was particularly impressed 
with the cold nights following the hot days, and that 
the strains set up by expansion and contraction must 
cause a good deal of rock-crumblmg The wind blows 
the smaller fragments against the bare rocks and against 
the larger pieces, and thus, m the long run, much desert 
sand is made It is easy to understand that there will 
be accumulations of material of various sizes, from larger 
angular fragments through sand grams which could be 
blown by strong winds, down to almost impalpable dust 
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In a less degree the same kind of action takes place in 
regions where there are long dry seasons but wheie the 
term desert'’ cannot properly be applied, much dust 
IS blown by the prevalent winds, which m these regions 
often blow mainly m the same direction for months on 
end In such regions sharp cyclonic storms and tor- 
nadoes are a common occurrence, and dust-storms, some- 
times with enormous whirling columns of dust, are a 
common feature It must be remembered, too, that in 
addition to the dust which is produced in the region 
itself from the waste of its own rocks, there may be 
added not inappreciable quantities of volcanic dust and 
some portion of meteoric dust 

On sandy beaches, when the tides recede far out, the 
sand and dust may temporarily become dry , then 
they can be blown about Neither the finer diist nor 
the somewhat coarser sand is blown much when it is 
wet, but coastal sand dunes may be formed from the 
sand which is exposed and dried between the high 
tides These are examples of low coastal lands all the 
world over, where the formation of sand dunes can be 
seen, and the three phases of wind action illustrated — 
erosion, transport, and deposition 

The Action of Ram — Ram-water always contams 
some dissolved carbon dioxide and variable, slight 
traces of other acids which it has absorbed from the 
atmosphere Its action as a weathering agent (that 
is, an agent of erosion) is both mechanical and chemical 
The mechanical action is largely effective in so far as it 
15 allied with %vmd, for it is wmd-driven ram which 
produces the greatest results One has only to examine 
such ram-weathered masses as the famous Millstone 
Grit rocks of Brimham Moor, on the eastern Pennmes, 
near Harrogate, to be convinced of the value of the 
alliance between wind and ram The \vmds there 
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abouts come from a westerly quarter oftener than from 
the other three mam cardmal points, and the rocks m 
that direction are more strikingly eroded than on the 
other sides, that is, after allowing for local variations 
in the structure of these irregularly bedded grits The 
same teaching is noticed m ram-weathered rocks in 
many other districts 

On the other hand, the chemical action at once 
appears as the more striking in a limestone region 
The curiously etched surfaces of the Carboniferous 
Limestone of the plateau regions of the Pennmes, with 
their irregular channels and ribs of limestone rock, are 
familiar examples On a much vaster scale are the 
exposed massive limestones of the Karst of the easter 
Adriatic region, where the chemical solution of the 
limestone surface has obviously taken place on a great 
scale 

Curiously enough, the action of rain-water is not 
always destructive There are many building stones 
which improve on exposure, especially on those sides 
which face the rainy quarter One concrete example 
may be more effective than much general assertion 
The writer was for many years headmaster of a Grammar 
School which was situated on the Pennme slopes 
Additions to the building were found to be necessary, 
and the western walls of the new portion were built of 
well-squared Millstone Grit stones For a time the 
ram was driven in and the colour-washes on the interior 
walls presented a sorry appearance A local architect 
of wide experience said, “ Oh, that will be all right , 
the stones will, in time, become ram- proof ” And he 
was right In a few years the rain had hydrated some 
of the constituents of the rock, and probably some of 
the calcareous cement had been further hardened by 
combining with the carbon dioxide in the rain-water. 
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In any case tlie walls have become “ seasoned and are 
now comparatively ram- proof 
The Work of Percolating and Underground Water 
Ground Water — ^Three things may happen to the ram 
that falls on the ground part of it may evaporate and 
return to the atmosphere, another part may percolate 
into the soil and underlying rocks, and some may run 
off into the nearest riU or river or lake , the proportions 
of each %vill obviously vary with the weather, the lie of 
the ground, and the nature of the rocks Let us now 
follow that which seeps mto the ground, which we will 
speak of as “ground water'’ throughout Broadly 
speakmg, we may think of the history of ground water 
under five headings Firstly, a portion of it may be 
dispersed mterstitially and evenly among the particles 
of porous rocks such as the sandstones, grits, and some 
limestones , here it may act both chemically and 
mechanically, the latter bemg the function which 
concerns us most m the present stud}^ Water dis- 
seminated among the particles of rocks is one of the 
greatest agents of disintegration in nature \\TLen 
water freezes and passes from the liquid to the solid 
condition there is an increase of volume of, roughly, 
9 per cent When this happens each frozen particle of 
water acts like a tmy wedge, tending to force the rock 
grains asunder , the effects of this may be seen on the 
face of an}’' cliff or quarry when the thaw follows a 
frost fragments of rock may be seen at the foot of 
the clifi or read}^ to fall away from the face In hundreds 
of examples this process happens daily, more especially 
m spring and autumn, m regions where the dail}’' range 
of temperature is considerable , after the warming of 
the exposed rock-surfaces by day there comes the cold 
night, when the thermometer-readmg falls to below 
freezing point 
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Ihe second phase of possible mechanical work of 
ground water is that of acting as a lubricant and helpmg 
loosened rock, in small or large masses, to slide down the 
hill slopes The most spectacular examples are when 
great landslides or avalanches occur , these are most 
frequent where beds of porous rock overlie impervious 
strata, such as massive sandstones overlying clays or 
shales After a period of ram the porous beds become 
saturated with water, and the upper surface of the 
clay or shale becomes lubricated , if the slope be favour- 
able, huge masses of the upper strata may slide doivn 
the slippery surface until the edge of the cliff be reached 
and the masses plunge into the valley or into the sea 
below , these are among the great catastrophes of 
nature, when viewed from the human standpoint 
]\Iany a tourist to the Alps must have seen the great 
seal left by the famous Goldau landslide, so readily 
visible from the summit of the Rigi The great calamity 
took place in 1806 , a mass of rock, roughly 3 miles 
long, 1000 feet ivide, and 100 feet in thickness — a huge 
slab of a water-sodden sedimentary rock — “ slid ” 
dowi the mountain-slope and buried the village of 
Goldau Even this big landslide was msignificant 
compared with one which took place in the Pamus in 
igii , there a mass weighing over seven thousand million 
tons “ slid ” into the valley below, and buried a village 
with all its inhabitants The huge bank formed by 
this landslide is 3 miles long and 2 miles wide, and it 
dammed up a lake 15 miles long and goo feet deep 
(See Ency B7 it , 13th edition, vol 11 ) It is not sug- 
gested that all landslides have a similar origin, but it 
will readily be seen what an important part ground 
water may play under certain cucumstances 
The thud type or phase of the occurrence and work 
of ground water is best seen in regions of massive lime- 
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stones , here the action is chiefly chemical The 
surface rain-water, charged with carbon-dioxide from 
the atmosphere, finds its way downwards into the under- 
ground of the limestone through cracks and master 
joints In this course of downward flow the feebly 
acid water gradually acts upon the limestone, forming 
soluble bi-carbonate of lime, which is carried forward 
and downward This action, in course of time and 
under favourable conditions, sometimes assumes majestic 
proportions The British reader may see it best in 
his own islands m the limestone region of West Derby- 
shire, on the Penyghent plateau of the West Riding of 
Yorkshire, in parts of the Central Plain of Ireland, and 
in the Cheddar region of the Mendips , and there are 
many other districts of less extent and mtensity of 
action In some other parts of the world, such as the 
limestone regions of the western Auvergne in France, 
the southern Ardennes of Belgium, the Karst country 
bordering on the eastern Adriatic, parts of Kentucky 
and Tennessee m the United States, there are fine 
examples of all this underground action and its results , 
and one should add that every other continent furnishes 
equally good illustrations it is one of the widespread 
operations of nature that is being exemplified 
This particular work of underground water has the 
threefold bearing already mentioned , the cuculating 
water erodes, transports, and deposits An acquaint- 
ance with, any of the regions mentioned at once shows 
that there must be an extensive and sometimes com- 
plicated underground circulation That such and such 
a river flows underground for many miles of its course 
is correct so far as it goes, but it is seldom a full state- 
ment of the circumstances , extended observation and 
a good deal of experiment has shown that there is 
frequently a complicated circulation m that under- 
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ground the courses of rivers anastomose with each 
other , there is considerable give and take, and a river 
which comes to the light of day is very often not the 
same stream of water which one might expect it to be 
at first sight The underground courses, with their 
tributaries and their offshoots, their caverns, vaults, 
underground pools, and subterranean wateifalls, aie all 
parts of a complicated circulation 

This underground water, as it soaks and drips and 
flows, dissolves calcium carbonate until it is saturated , 
then, as circumstances are favourable, it deposits again 
We may write what happens as below, and read it 
forwards or backwards 

(Calcium carbonate) plus (acid water) gives (Calcium 
bicarbonate) , or, as the chemist would write it 

CaC 03 +(H 20 +C 02 ):^Z±Ca(HC 0 J„ 

The deposited calcium carbonate is the familiar 
calcareous tufa, and the stalactites and stalagmites of 
the limestone caves , these clearl}'' represent a solution 
of limestone at the beginning of the operation, its trans- 
ference in the " hard ” water of the underground streams 
and seepage, and its deposit elsewhere later on The 
re-distribution of limestone which thus takes place 
every year must reach colossal proportions 

Limestone caves all over the woild, from the famous 
ones of New South Wales to those of British Columbia, 
are among the show places of the earth , the results of 
water action underground under such conditions are 
readily appreciated and are obviously of great magni- 
tude It is doubtful, however, if these showy results 
are really as big as those achieved by the almost un- 
observed, quiet, but continuous seepage which goes on 
The detrital accumulations of organic fragments of 
which so many limestones consist are, by this continu- 
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ous percolation, converted into hard, crystalline lime- 
stones, and, m some cases, mto marbles , the action 
is precisely the same m character as in the spectacular 
results of the Mammoth Cave in Kentucky, the famous 
Grottoes of Hahn in southern Belgium, or m the noted 
Adelsberg caves in Carniola , the one is easily seen, the 
other IS the sum of an almost infinite number of micro- 
scopic actions 

The fourth phase in the history of ground water is 
in the production of springs and wells Some of the 
water which has fallen as ram and which has percolated 
through the rocks or has run along jomts, faults, and 
bedding planes, reappears at the surface m the form of 
sprmgs or is brought up by man by means of his bormgs, 
aided frequently by the use of pumps This phase of 
the action of ground water is treated m Chapter XII , 
and need not be considered more fully here except to 
pomt out that immense quantities of mmeral and rock 
substances are redistributed m this way, for every 
spnng bnngs to the surface and deposits somewhere or 
carries mto the rivers some proportion of dissolved 
mineral substances In the Artesian wells and other 
borings made b3^ man this process is mtensified , see, 
for example, the water-softenmg plants and their some- 
times imsightly accumulations of precipitated carbonate 
of lime which are found in the London Basm 

A fifth function of ground water is connected with 
the support of plant life All plants need and seek 
water, and those which possess true roots send them 
down, sometimes to very considerable depths, m search 
of it The more lowly plants, such as lichens, liver- 
worts, and mosses, are notoriously fond of water, and 
though they have no true roots they contrive to absorb 
water from the rocks or soils on which they grow 
Water alone, even though contammg carbon dioxide 
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and nitrogen compounds derived from the air, needs 
to contam potash compounds, phosphates, and other 
mmeral substances, to serve as “ food ” for plant life, 
and these inorganic mmeral substances are obtained 
by ground water m its passage through and among the 
rocks This is clearly another way in which ground 
water collects mmeral matter and redistributes it , and 
this, though not so spectacular, and not at first sight 
so obvious as the other functions of ground water, is 
of first-rate importance to man The very possibility 
of man’s existence on the earth depends upon this 
phase of the work of ground water 

The Part played hy Rivers — Of the ram that falls 
on the surface of the ground some runs off immediately 
to ]om the nearest rill, river, or lake, obviously this 
is a very variable amount, depending on the dryness of 
the atmosphere, the nature of the rocks, the configura- 
tion of the ground, and other factors This immediate 
run-off water ]oms with water from springs, water from 
the melting of snows, water from the surface, the under 
ice and the end of a glacier, and the overflow or outflow 
of lakes All this water forms the nver, which flows 
from higher to lower levels, eventually to a lake or the 
sea The full study of the work of rivers and of the 
different types of them would lequire a book of some 
length, and all that can be attempted here is a summary, 
setting out the mam facts about the work of rivers in 
redistributing the materials of the earth’s crust and the 
part they play m fashionmg the features of the land 
The water of any considerable river has usually come 
from a varietj^ of sources, and its nature and the com- 
position of its dissolved and suspended constituents is 
the sum of a series of processes acting on rocks and 
soils of different composition Some rivers flow over 
and through hard, metamorphic, or igneous rocks, from 
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which they can dissolve very little , their water is soft 
and closely akin to ram-water m composition and pro- 
perties , other rivers flow over and through rocks 
which contam soluble constituents such as carbonate of 
lime, common salt, peaty matter, and other substances , 
yet other rivers flow through and over clays, loams, 
finely divided sands, loess, and other similar rocks, and 
these contribute much suspended matter which a river 
of moderate velocity can carry from higher to lower 
lands ; as m so many actions m nature there is mfinite 
variety of circumstance 

Notwithstandmg the variety inherent m river action, 
there are three thmgs it must do — it erodes, transports, 
deposits River erosion is one of the great and obvious 
processes m nature not independent of others, but 
interdependent on them, and workmg with them In 
the nature of thmgs nver action must be partly chemical, 
largely mechanical River water above ground is little 
different from underground water m its solvent action , 
especially it attacks limestones, as already explamed, 
or, as some would say, it corrodes its limestone bed 
Running water acts mechanically, too, very little and 
very gently when the stream flows slowly, but at a 
rapid rate and on a big scale when the river is m spate 
In flood-time the water is dashed against rocks already 
broken and loosened by frost, and pieces of various 
sizes are detached , the swollen river uses its own 
suspended matter, and carries along big masses, which 
it uses like a battering-ram m its attack on the rocks of 
the river bank and river gorge The work that rivers 
can do m this way is enormous, and even that of a 
single storm-flood may assume immense proportions 
Every geographer or geologist can quote examples 
within his own experience at home or abroad lilany 
j'cars ago the witer was much impressed by the action 
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of a tiny stream which, in ordinary times, comes down 
from Thorpe Fell to ]oin the Yorkshire Wharfe A child 
can step across the little heck usually, but one summer 
day there was what m the Dales is called a cloudburst , 
there was a very violent thunderstorm, with some hours 
of torrential ram , the little river became a ragmg 
torrent , it carried away a well-made road and a bridge , 
it dashed down its valley, sweepmg away stone fences, 
and it made a mighty alluvial fan of mixed rock frag- 
ments at its pomt of junction with the river Wharfe 
Such an event is common enough in the Pennmes, and, 
m fact, m aU the British uplands , the observant reader 
can rarely pass a year without bemg able to observe 
one flood of considerable violence , and one such observa- 
tion IS worth many pages of text 
One who observes these actions of rivers is sure to be 
impressed by the big boulders which a river may carry 
m times of sudden flood , he may notice these big 
weapons of the river durmg the flood itself , when the 
spate IS over he may see them scattered over the land 
where the river overflowed He usually finds it difficult 
to believe that rivers can carry along such big stones , 
but Hopkins (the famous mathematician), long ago, 
taught physical geographers that the capacity of trans- 
port of a river increases as the sixth power of its current 
velocity , thus, if the velocity is doubled, the motive 
power becomes 2® or 64 times greater, and if it is trebled 
the power is mcreased 3® or 729 times It is no wonder 
that a river which is at all subject to floods eats into its 
banks, cuts away rocky cliffs, and forms such familiar 
featuies as pot-holes, gorges, rapids, and waterfalls , 
for these are all manifestations of the work of a river 
acting on rocks of different character, and using as 
tools the varied fragments which the river may have 
gathered in its course over different rocks 
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The work of a river thus supplements the work of 
wind, ram, and frost Like them it breaks down and 
destroys The chemical action of a river is called 
corrosion by some writers , and for the mechanical 
action of the river, armed with its tools of rock frag- 
ments, the word corrasion is often used \Vhile not 
objectmg to the use of these terms, the present writer 
feels that there is a tendency to multiply such technical 
terms unnecessarily 

The material eroded by wind, ram, frost, glaciers, 
m the uplands of the nver basm, is gradually, for the 
most part, collected by the river The work of the 
upper or mountam part of the river is mainly this 
varied erosion, whether it be mechanical or chemical, 
and theoretically the river has now received its load of 
eroded material In the old, and somewhat mechanical 
concept of a river, which was long taught in schools, 
three parts were usually recognised (i) the Upper, 
]\Iountam Track, where the work is chiefly erosion , 
(2) the Middle, Valley Track, where the work is essen- 
tially transport , (3) the Lower, or Plam Track, where 
the function is mainly deposition This has, no doubt, 
been a useful, but it was a thoroughly artificial classi- 
fication, and it should be used only m a most general 
sense , it fits some rivers tolerably well, many other 
rivers not at all It seldom fits a river, such as, for 
example, the Danube, which is a compound river 
system and not a river in any simple genetic scheme 

At any rate, one of the three obvious functions of a 
river is that of transport, and here agam there is a 
great vanety of circumstance a few rivers carry little 
load, either m solution or in suspension, except the 
latter m times of flood , other rivers carry much peaty 
matter in solution, and a little m suspension, hut on 
the whole their water is remarkably pure , many a 
4 
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river in a limestone region looks pure and clear, but its 
water is hard from the presence of dissolved bicarbonate 
of lime , and, on the other hand, some rivers carry 
much material in suspension, usually consistmg of finely 
divided clay To carry this dissolved material down- 
ward, to the lowland plain, to the lake, or to the sea 
finally, is a chief function of a river To all the matter 
thus so obviouslj^ transported by a nver we must not 
forget to add the loose stones or heavier fine sediment 
lying on the bed of the river which are alwa3^s being 
pushed downward and onward by the current Go 
into an upland region and notice the banks of stones 
which are usually present in the bends of the river , 
go down the river and observe again , notice how the 
stones become less and less angular, and generally 
smaller, as the river leaves its upland region , transport 
and erosion (corrasion) are here going on almost pan 
passu 

Now the river approaches its lowland course, the 
Plain Track of some geographers Here is little erosion, 
but much deposition The river m the plam overflows 
from time to time, due to storm ram or melting snow, 
or seasonal rains, as the case may be , there is again 
almost infinite variet}'^ of circumstance, and to generalise 
too much or too closely makes the description artificial 
Some rivers in their plains vary in volume from nothmg 
up to raging floods that cover the plain for immense 
stretches , other rivers do not vary a great deal , one 
or more feeders may be m flood while other feeders are 
contributing only a dry-season’s flow Many a river 
has a long lowland course, through a stretch of almost 
flat land , here it usually meanders, forms raised banks 
or levees, ox-bow or cut-off lakes, marshy lagoons, and 
probably ends in a true delta, with distributaries and 
delta lakes Another river may have little of this true 
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lowland track, and no true delta Compare, for example, 
the Mississippi and the St Lawrence m this respect , 
or among British rivers compare the Tay and the 
Trent the fundamental differences are obvious 
Many a river has more than one lowland track, and 
m more than one part of its course produces most of 
the features of a true lowland river Compare, for 
example, the Rhme from Strasbourg to Mamz, or, more 
especially, the part between Mannheim and Mamz, %vith 
the next part between Mamz and Bonn , after a true 
” lowland course ” m the Middle Rhme the river cuts 
through a plateau and then begms what is popularly 
called its lowland course Similarly the Danube, from 
Budapest to the confluence with the Drave, is a river 
m an alluvial plain, ]ust as much as it is m the Rumanian 
plain , this IS even more strikmg m the case of the great 
feeder, the Theiss On the other hand, the great 
Afncan river, the Congo, behaves like a lowland river 
m that immense plam which lies between Stanle3rville 
and the confluence with the Ubangi , the notation 
Upper or Mountam course. Middle or Valley course. 
Lower or Plam course, is clearly inadmissible m the case 
of the Congo Even a comparatively little English 
river shows the difficulty of the rigid classification 
The Ribble has a meandermg, lowland course south of 
Horton m Ribblesdale, a second such course south of 
Giggleswick, a thud below Sawley Abbey, and a fourth 
between Ribchester and Preston AU of ivhich shows 
that the classification of the course of a river into 
well-defined parts needs to be applied with some dis- 
crimmation 

Rivers are the great collectors and carriers of eroded 
material — ^rock-waste from the action of wind, ram, 
ground water, glaciers, and the river itself The ulti- 
mate goal of this nver-borne rock-waste is the lowland 
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on which the river distributes part of its load, the lake 
which it IS gradually filling up, or the shallow sea in 
which it IS forming shaUow-water deposits of sand or 
clay of various degrees of fineness, doivn to the most 
impalpable mud Rivers thus, m then threefold 
function as agents of erosion, transport, and deposition, 
represent a group of forces, agents, and processes, by 
which the external form of the earth’s surface is for 
ever bemg greatly changed 
Glaciers and their Work. — ^In high latitudes and 
above the “ snow Ime ” in other latitudes most of the 
precipitation falls m the form of snow , if the temper- 
ature IS low enough and the snowfall big enough, then 
evaporation and melting cannot keep pace with it and 
year after year the accumulation continues and glaciers 
are formed The glacier is to the snowfall what the 
river is to the rainfall in the warmer regions , the 
glacier is naturally formed as an ice-stream which moves 
outwards and downwards from the snow- field , it is a 
river of ice which moves slowly towards the low ground, 
according to its own laws As the glacier passes from 
its snow-field into a warmer region down below the so- 
called snow-lme, it reaches a belt where the temperature 
IS too high for the continued existence of ice, and there 
the gradual meltmg roughly keeps pace with the down- 
ward movement of the ice-river 

Broadly speaking, two kinds of glaciers are formed — 
{a) Alpme or Mountain Valley Glaciers, and (&) Contm- 
ental Glaciers, and as m all Natural History classifica- 
tions there are transitional and overlap examples which 
partake of the distmctive characters of the two broad 
types The vaUey glacier of the mountains is fed from 
the snow- field up above , it gradually moves down- 
wards at the rate of a few feet a day, the middle moving 
faster than the sides, and the top faster than the bottom. 
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the retardation being due to friction As the glacier 
moves downwards m its valley it receives from the 
adjommg hiU slopes rock-waste of many kinds, from 
big rock-falls broken away from crags and pinnacles 
down to finer matenal of all grades This fallen waste 
commonly forms two irregular lines along the sides of 
the movmg glacier, and these are the lateral moraines 
If two or more glaciers unite — a common occurrence — 
it is clear that united moraines must be formed, and 
these are the well-known medial moraines At the 
end of the glacier, which may be an ill-defined zone, 
there is an accumulation of this carried debris, looking 
somewhat like a huge tip of irregular stones, gravel, 
clay, and sand , this is the end moraine or terminal 
morame Under the glacier there is usually a variable 
accumulation of rock waste of all grades, finely ground 
material often predominating — all of it bemg slowly 
swept forward by the glacier and carried onward by 
its sub-glacial streams , this is usually called the ground 
morame It is obvious that the termmal moraine is the 
sum, m a broad sense, of the lateral, medial, and sub- 
glacial moraines In its turn the termmal moraine 
IS carried away by the issues of water which come 
from the surface of the glacier, within it, and especially 
under it — ^these formmg the river to which most Alpme 
glaciers give rise 

A common characteristic of rivers which come from 
the meltmg zone of a glacier, and which represent the 
dramage of the ice-fields above and the glaciated valley 
below, is that they are charged with suspended matter, 
which comes from the rock-waste of the usual agents, ram, 
frost, sub-glacial nver, and perhaps the erosive action 
of ice-embedded stones This finely-ground suspended 
matenal is earned down mto the lowlands, to be de- 
posited on flooded meadows, or m a lake through which 
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the river flows, or carried out to sea , in the sum total 
it represents a vast amount of rock-waste, and the 
transference of much rock material from the moun- 
tains to the plain, the lake, or the sea There is a 
sense in which glacier ice itself may not he capable 
of much erosion, and it has been said by men who 
know Alpine glaciers weU that even the protective 
function of such ice must be considerable , but takmg 
the Alpine glacier as a whole, with the action of frost 
gomg on all above it and around it, with the mevitable 
contributions of rock falls, with the action of intra- 
glacial and sub-glacial streams — ^looking at it as a great 
system, as a complex agent — it obviously erodes, trans- 
ports, and deposits Glaciers may then be classed 
among the great natural agents of change and re- 
distribution which are for ever playing their part m 
mouldmg anew the face of nature 
Alpine glaciers are readily studied in the Alps, where 
the very ordinary tourist may see them, cross them, 
and study them without much difficulty Others are 
found m the Caucasus, the Elburz Range, and m the 
great radiatmg systems of Central Asia, where great 
valley glaciers are on a scale commensurate with every- 
thmg else m that wonderful region They are met with 
in the Rocky Mount ams, in the Cascade Range, and 
the Sierra Nevadas of North America, and some of the 
finest examples are m Alaska The Andes abounds m 
them , and they may be studied m the Alps of South 
Island, New Zealand The glaciers of Norway and 
of Iceland are somewhat transitional between Alpme 
glaciers and contmental glaciers — ^the second great 
class of these ice-fields, for they are more ice-fields than 
ice-rivers Two regions stand out — Greenland and the 
Antarctic Contment The ice-sheet of Greenland is 
5000 to 7000 feet thick, and covers an area more than 
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four times the area of the British Isles The ice plateau 
of Greenland is 10,000 feet high in places, and whatever 
the real topography of the land may be, we can only guess, 
for the stupendous ice-sheet bunes it completely The 
important pomt at present is that the vast Greenland 
ice-sheet seems to shed itself seawards m all directions 
and a sort of valley-glaciers of a grand Norwegian type 
occupy the fiords on the edge of that vast land Here 
are bom many of the icebergs of the North Atlantic, 
broken off the great mass as it overflows, so to speak, 
from the great ice-makmg ground of the vast mterior 
The Antarctic ice-field is several times greater than 
that of Greenland, great as is the latter, and the evidence 
of icebergs and of direct observation proves that the 
thickness of the great ice-covenng is at least a mile, 
often probably 6000 or 7000 feet, and there is reason to 
thmk that it is nearly 2 miles at the edge m some places 
What its thickness is m the vast intenor we can only 
wonder The icebergs which break off from the ice- 
fields of the Antarctic Contment are bigger m area, 
though usually not appearmg much higher out of water 
than those of Greenland The icebergs of the north 
and those of the south float away mto the warmer seas, 
where they gradually melt , a vast amount of contm- 
ental debns is thus transferred to the sea bottom, and 
IS not necessarily deposited m shallow seas, as is the case 
with so much contmental waste Iceberg waste has 
certainly accumulated m the North Atlantic to a depth 
of many thousand feet, m an ocean area which would 
be from 12,000 to 18,000 feet deep The warm Gulf 
Stream m that region is m the act of becommg the North 
Atlantic Drift , it is gradually distributing its warm 
water over a ivide superficial area , here it is met by 
the cold currents from Labrador and Greenland, brmgmg 
southwards vast numbers of icebergs every year The 
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result IS fairly obvious The icebergs from the northern 
lands carry much continental debris , this must clearly 
fall m the region largely where the bergs melt The 
enormous deposits of clay with rock fragments which 
were mvestigated by the late Sir John Murray are the 
result Here the icebergs are plajung their important 
part in the transference and deposition of eroded material, 
which once again stands out as a great process of nature 
which IS continually being enacted 

The Work of the Sea on the Coasts — ^The waves of 
the sea attack the shore-lands, and helped chiefly by 
tidal streams the three phases of the great compound 
process are again seen — erosion, transport, deposition 
The sea interacts with aU the other agents m varymg 
degree, with wind, rain, frost, rivers, and glaciers 
Rain-water percolates the rocks of cliffs which Ime 
many shores, frost comes mto play, actmg through the 
ground water, and masses of rock are broken off and 
he in scattered masses at the foot of the cliffs The 
waves — either ordinary tidal waves or those driven 
agamst the cliffs by strong winds — ^roll the broken masses 
of rock against each other and hurl them agamst the 
exposed cliff 

The waves themselves exert irresistible pressure , 
durmg strong gales from the Atlantic the breakers often 
exert a pressure of over a ton to the square mch, and 
big rock masses are literally hurled about The waves 
batter the cliffs with these weapons derived from the 
rocks themselves, and immense rock damage is often 
done The natural rocks are thus worn away, and 
artificial structures, such as sea-walls, docks, and 
wharves are more or less rumed Many a reader must 
have stood in wonder as he has seen the destruction 
brought about by a recent gale , such destruction is 
common enough on the coasts of Britam, and on all 
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coasts where man has erected his structures , even in 
comparatively tideless seas the rum is often very great 
The water of the waves, as it advances up against the 
rocky cliffs, drives the air and compresses it m the 
]omts and cracks of the rocks If there is an air passage 
through from cliff face to some safe point slightly away 
from the edge, the observer may often observe a blow 
hole '' where the air is driven with great force through 
the underground passages and spouts out on the land- 
ward side somewhere Compressed air helps greatly 
in the dismtegration of the rocks, and the work of this 
weapon is added to that of the rock masses and the finer 
sediment which the waves use as a battenng-iam 
The evidence for, and the results of, coast erosion 
are among the common things of shore-lands all the 
world over — m some regions greater than m others, as 
may be expected In the British Isles there are so 
many traditions and historical records of lost towns, 
ports which have disappeared, churches, castles, and 
other buildmgs that have fallen mto the sea, that many 
British people have felt uneasy at the greatness and the 
ubiqmty of the loss A Royal Commission mvestigated 
the subject m the first decade of the present century, 
and issued its report m 1907 This report reassured us 
considerably, as it showed that the gam by natural 
deposition and the reclamation of land by man more 
than made good the loss by erosion 

Notwithstandmg the findings of the Commission the 
evidences of erosion are very widespread on the British 
coasts, and the results of that erosion are responsible 
for some of the wildest and grandest of the coast scenery 
Out of thousands of possible illustrations one may quote 
the Armed Knights of Lands End, the Stacks of Holy- 
head, Carrick-a-Rede m north-eastern Ireland, the Old 
Man of Hoy, the Fame Islands, the Seven Sisters of 
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Beachy Head, and the Needles of the Isle of Wight, as 
well-known and excellent examples Many of the 
wildest and most famous of the caves and the coves of 
our coasts owe their formation to frost and ram m addi- 
tion to marine erosion, but they are none the less grand 
and impressive for all that 

And what becomes of this eroded material ? The 
findings of the Royal Commission answered the question 
statistically, but of course many of the broad facts 
had long been known Tidal streams or drifts are a 
common phenomenon on the coasts of tidal seas, and 
these cause the dismtegrated coastal waste to be drifted 
gradually to some estuary or other region where de- 
position may readily take place For example, while 
the coast of Holderness has been losmg for centunes, 
and while Ravenspur has been washed away mside 
Spurn Pomt, only a little farther up the Humber estuary 
there has been considerable gain of land Hedon, an 
old port, has been silted up and the new land, appropri- 
ately named Sunk Island, has been formed No doubt 
rock-waste brought down by the Yorkshire Ouse and 
the Trent has combined with coastal waste to supply 
the material out of which the new land has been built 
Many other parts of the British coasts, and shore lands 
all over the world, provide equally good examples In 
short, the waves and the tidal streams and other shore 
currents carry on the same work which we have found 
the other agents to be for ever domg — erodmg, trans- 
portmg, and depositmg, fashionmg a new landscape, 
and domg for the surface of the lithosphere the work 
that IS complementary to that of the hypogene forces 
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LAND-FORMS 

The rocks of which the earth’s crust is composed seldom 
remain in the unaltered condition or in their onginal 
position The strata of the sedimentary rocks are 
rarely honzontal, most of them having been bent, 
folded, and fractured These changes in position and 
relationship are intimately associated vnth the vanous 
types of land-relief existing on the earth’s surface 
Land-forms are almost infinite in their vanety, and 
grade into each other so imperceptibly that there is 
much difficulty m classifying them, and there is, as yet, 
no really satisfactory classification We shall attempt 
an arrangement of convenience, from a geographical 
point of view, in this and the succeeding chapters 

Movements of the Earth’s Crust 

It IS necessary to realise, at the outset, that the earth’s 
crust IS in an unstable condition , even those regions 
winch seem to be the most stable being subject to fre- 
quent, though minute, disturbances The region of 
the Bntish Isles is popularly regarded as typically 
stable, but modem refined methods of observation 
show that it IS disturbed by very frequent small earth- 
tremors Many parts of the Bntish Isles are subject 
to shght earthquakes These seem to be most frequent 
near the great boundary fault, or line of dislocation, 
which separates the Grampian Highlands from the 

Midland Valley of Scotland. It has been shown that 

6o 
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earth-shocks of very slight intensity may occur there 
at the rate of two or three per day 

In many parts of the world earthquakes of greater 
intensity are of frequent occurrence, and their effects 
are too obvious and notonous to need emphasis here 
It may, however, be pointed out that the geographical 
effects of even the greatest earthqualces are usually 
very shght They produce a great impression upon 
the human mind, and are very destructive of man's 
work, but they usually change the surface of the earth 
but httle Occasionally greater effects are produced, 
as in the famous example studied by Charles Darwin 
in Chile in 1835, where he showed that the coast of that 
unstable region had been relatively raised to the extent 
of 8 or 10 feet In the destructive earthquake of 
San Francisco m igo6 there was some vertical and 
honzontal displacement of the ground along a hne of 
fault In the Alaskan earthquake of 1899 the beach 
was raised m places by over 40 feet, and barnacles 
could be seen, several years after the shock, still attached 
to the rocks far above high-water mark Again, in the 
earthquake of South Calabna in December igo8 there 
was measurable displacement of the surface To antici- 
pate somewhat, it may be remarked that the area 
affected by the last-mentioned earthquake lies on the 
inner or concave side of a great curve of “ fold-moun- 
tains ” The earth’s crust inside this curve is, in all 
probability, still smlang, and the Tyrrhenian deep 
sea IS a recently foundered part The nm of this 
sinking part is, therefore, subject to frequent earth- 
quakes This IS frequently the case on the inner or 
concave side of such fold-mountam curves ^ 

There are movements going on m the earth’s crust 
which are not so obvious as those connected wth the 
^ See note on p S3 
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greater earthquakes, but which are much wider in 
scope, and affect larger areas These slow movements 
have long been studied in Sweden where the pioneer 
naturalists, Celsius and Lmneeus, made their now 
classic observations To the north of Stockholm the 
land IS nsing at the rate of at least 2 or 3 feet 
per century, in Scania (Southern Sweden) the land is 
sinking probably at rather more vanable rates In 
the north of Norway the land must have nsen at least 
some hundreds of feet m Pleistocene and recent times 
Similar evidence has now been accumulated from many 
parts of the world, and there is not the least doubt 
that great areas of the crust are sinking, and in other 
regions great areas are relatively nsing The cause 
of these great crustal movements is not quite clear ; 
it has been held that it is connected with a secular 
cooling of the earth, but there is now considerable 
doubt whether that will furnish a satisfactory explana- 
tion The facts are clear , the full explanation is a 
matter for future research, and its further discussion 
outside the scope of this book 

Two broad, general types of crustal movements are 
now recognised, namely, those which act in a radial 
direction and those which act in a tangential direction 
The former cause elevation or depression of large areas , 
that IS, movements away from or towards the centre 
of the earth These movements have been termed 
continent-bmlding, but the term is open to considerable 
objection The latter act m a direction more or less 
parallel to the earth’s surface, and are often known 
as moimtain-bmlding movements The two types of 
movement are not independent of each other , on the 
contrary, they usually seem to have been closely associ- 
ated They produce, respectively, some of the most 
important and well-defined of the land-forms 



LAND-FORMS 


63 

Folded or Alpine Mountains — ^The most conspicuous 
features in the structure of most of the continents are 
long lines of mountains composed of intensely folded 
bLfata, and carved by the forces of erosion into the 
sierra-hke lorms so famihar in the Alps and other 
mountain ranges of Southern Europe As the Alps 
have been studied with great thoroughness by both 
geologists and geographers, and as their structure seems 
to be quite typical, the descnptive name, ' Alpine 
mountains,’' is often applied to such mountain chains 
everywhere 

Such mountain ranges are mainly the result of forces 
acting in a tangential direction , and the first apparent 
result of such forces is the production of folds m the 
strata Earth-folds may be illustrated in a very effec- 
tive and simple manner by placing weights on a thick, 
heavy tablecloth and then pushing the latter across the 
surface of the table According to the nature of the 
cloth, the intensity of the thrusting force, and the 
resistance offered, the folds \vill vary from quite simple 
ones to those of a complex character 

The simplest folds in the rocks are those in which 
the strata are bent fairly equally into the form of an 
arch or trough, known m geology as the anticline and 
synchne The south-eastern quadrant of England 
furnishes excellent illustrations of these simpler folds 
Let an observer travel from Aylesbury to London and 
then from London to Bnghton, and let him observe 
the nature and position of the rocks He will, in the 
course of his journey, meet with three lines of low chalk 
hills The fct are the Chiltem Hills , these are chalk 
do^^^ls presenting a relatively sharp face to the north- 
west and a gentler slope towards London The latter 
IS the ‘‘ dip-slope," and the strata dip or slope at a low 
angle towards the Thames Basin At Watford or 
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Rickmansworth the chalk surface is left behind and 
the Tertiary strata of the London or Thames Basin 
begin From this point to near Croydon the Tertiary 
rocks continue at the surface, though the chalk has 
been proved to occur below them m numerous bonngs 



A, Rocks older than the Chalk B Chalk of Chilterns, North 
Downs, etc C Terbary strata, newer than the Chalk 
X X Line of section shown in Fig 6 


for water The chalk reappears at the surface m the 
North Downs, these hills, however, having the dip- 
slope towards the north and the sharper cut edge (called 
the escarpment face) towards the south At Reigate 
or Red Hill strata older than the chalk are seen, and 
these continue across the Weald until the chalk re- 
appears in the South Downs In these hills the sharp 
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edge faces the north and the gentler dip-slope is toward 
the Enghsh Channel The observer has thus passed 
over a downfold or syncline, and an arch or antichne, 
the summit of which has been removed by long-con- 
tinued denudation The Chiltems, the London Basin, 
the North Downs, the Weald, and the South Downs thus 
form parts of a great earth-wave consisting of an antichne 
and a syndine This wave represents a distant part of 
the great Alpine Storm ” of Europe The relations 
of these rocks of South-Eastern England are shown 

SE< — — — — — — ►S 

London " Weald S Domj 

'"Chalh * 

tiG 6 —A Section from near Aylesbury to London, 

AND TO Brighton 

A. Rocks older than the Chalk B Chalk of Chiltems, North 
Downs, etc C Tertiary strata, newer than the Chalk (Sei 
Map, Fig 5 ) 

m the geological map and diagrammatic section (Figs 5 
and 6), which should be carefully studied. 

Some regions show much more complex folding than 
that of the Thames Basin and the Weald The Jura 
Mountains on the Franco-Swiss border consist of 
Mesozoic rocks thrown into a sharp succession of anti- 
chnes and synclines, ivith much faulting or dislocation 
of the strata The same “Alpine Storm” which pro- 
duced the gentle foldmg of South-Eastern England dis- 
played greater intensity m the Jura region, and produced 
the more complicated folding 

^^ery much more complex, however, are the earth- 
storm effects in the Alps, uhere there is much comph 
5 
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cated overfolding and often displacement of strata 
by huge thrusts Here the tangential pressure-forces 
have acted from one side more than from the other, 
hence the folding produced is of a pronounced asym- 
metric character Not only have great folds been 
produced, but they have been flattened out afterwards, 
and portions have often been detached, and older rocks 
have been pushed over newer ones 

The Alps consist for the most part of rocks of later 
Palaeozoic, Mesozoic, and early Cainozoic Age The 
great tangential folding movements combined with 
some vertical uplift took place in Middle Cainozoic 
times chiefly, and were so intense that the shortenmg 
of the arc of the earth’s crust has been variously 
estimated at from 70 to 100 miles 

Evidence of this complex folding of the strata may be 
readily seen in many parts of the Alps Standing on 
the northern slopes of the Dent du Midi and lookmg 
across the Rhone Valley to the mighty walls of the Dent 
de Morcles and the Diablerets be3mnd, the observer 
may see immense folds mvolving thousands of feet of 
strata The mountam walls have been trenched by 
vast rock-faUs, and on the gigantic, precipitous rock- 
faces the great bends of the Mesozoic rocks may be 
seen miles away {see Fig 7) At Martigny, in the 
Gorge of the Lizerne, and in the Trient Valley, similar 
evidences of stupendous folding may be seen 
A most interesting district for the study of Alpine 
folding IS the neighbourhood of Lake Lucerne In 
Fig 8 a study of a weU-known section is given, m which 
the complex folding of the Mesozoic and Cainozoic 
rocks, formmg the Burgenstock and the Musen Alp, are 
seen to have reached the stage of complete inversion 
The olde} Trias and Jura are folded over on top of the 
newer Cretaceous and Eocene, and to the left of the 
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section the whole vast system of folded rocks is thrust 
against and partly over the more recent Miocene con- 
glomerate 


Tele Ronde Oiabierets 



Fir 7 — Diagrammatic Section through the Rocks on the 
Southern Face of the Diablerets, Western End of the 
Bernese Oberland, and overlooking the Rhone Valley 

U pper Triassic Rocks b Lower J urassic Rocks c Lowe^ 
Cretaceous Rocks d Upper Cretaceous Rocks e Eocene 
Rocks The Eocene Rocks are folded in, between the olde< 
Lower Cretaceous Rocks 


Huscnalp 


b 



C 


Fig 8 —A Diagrammatic Section through the Rocks of 
the Burgenstock and Musen Alp, near Lake Lucerne 

c Trnssic Rocks b Jurassic Rocks c Lower Cretaceous Rocks 
d Upper Cretaceous Rocks t Eocene Rocks f Miocene 
Conglomerate (Nagelfluh) The older rocks, a, have been 
folded ov er abov e the new er Eocene, c The w hole of the Mesozoic 
and Low er Tertiar> rocks hav e been thrust over the newest rocks 
of the section, the Miocene A “thrust plane” is shown at^ g 


Uplift and folding constitute one phase in Alpme 
histor}’', erosion and denudation a second phase Erosion 
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proceeds wth great rapidity in these high mountains 
One only needs to see the state of Alpine torrents after 
a rainstorm on the mountains, or to notice the evidence 
of rock-falls, wluch occur so frequently, to realise how 
rapid IS the process of erosion, and how qmckly the 
great masses of folded rocks are being carved into 
ranges of contrasted peaks and deep valleys, and the 
whole system reduced to a lower level 
The rapid erosion gives the sierra character, with the 
senes of sharp peaks so charactenstic of Alpine ranges 
The descnptive Spanish word, “ sierra ” ^ is, therefore, 
frequently used to descnbe the profile of Alpine ranges, 
of which the Sierra Nevada range m Southern Spam is 
another good example There is a succession of names 
in the Alps which bears eloquent testimony to their 
sierra character In the Mont Blanc region are the 
famous Aiguilles (Fr aiguille, needle) , examples — 
Aiguille Rouge, Aiguille Verte, Aigmlle du Dm Among 
the mountains adjoining the Rhone Valley the name 
dent (Fr dent, tooth) is of frequent occurrence , ex- 
amples — Dent du Midi, Dent de Morcles, Dent 
Blanche In the Pennine Alps and the Bernese Ober- 
land are the famous horns (Teutonic, horn), such as 
the Matterhorn, Wetterhom, Weisshorn, Schreckhom, 
and a score of others In Canton Glams, piz (akin to 
the northern spitz, pointed peak) occurs over and over 
again , examples — Piz Linard, Piz Bemina, etc 

Alpine ranges are notched by valle3/s of greater or 
lesser depth, which provide access to the imddle of the 
chains It often happens that two nver-valleys from 
opposite sides have cut back so far that a low notch 
results, and a pass is formed From end to end of the 
Alps passes occur which are famous as the routes 
across which, m peace and in war, men have traversed 
^ Sierra Spanish, saiv-hhe, from Latin, seua, a saw 




Plate IV — ^Mvthen, overlooking Lake Lucerne 




Plate V — Rosem-aui, Wellhorn, and Wetteriiorn (Blrnlsi Oberland) 
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the mighty ranges The more famous passes sometimes 
determme the divisions of the Alps as used by the 
geographers , for example, the Pennme Alps are usually 
held to extend from the Great St Bernard Pass to the 
Simplon Pass, and the Lepontine Alps from the Sim- 
plon Pass to the group of passes near the head of the 
Hmter Rliine Similarly, in other great ranges of 
Alpine type, there are passes, higher or lower, as the 
case may be Most of the passes in the high Alps are 
between 6000 feet and 8000 feet above sea-level , those 
in the lower Carpathian range are between 1500 feet 
and 3000 feet above sea-level , those of the mighty 
Himalaya are above 15,000 feet and at least one of 
over 20,000 feet above sea-level is in fairly regular use 
Young mountain ranges of Alpme type occur m all the 
contments except Australia , they are characterised by 
the same general features — ^rock-foldmg of a complex 
character, notchmg by erosion mto sierra Imes of sharp 
contrast, wth means of communication across passes 
of varying height and difficulty Each great system 
has its own mdividual characteristics, as may be ex- 
pected For example, in some ranges there are active 
\olcanoes which introduce another element mto the 
structure of the chain Few recently active volcanoes 
occur m the European Alpme system strictly so-called, 
but in the Caucasus and Elburz ranges, which link 
the lesser European system to the greater one of Asia, 
there are volcanoes which are dormant or which have 
become extmct m comparatively recent times 
The Eurasian system includes the followmg well- 
defined ranges 

PjTenees, Alps, Carpathians, Balkans 
Sierra Nevada, Atlas (N Africa), Apennmes 
Dmaric Alps, Pmdus Mountams, Mountains of Crete, 
Taurus, and Anti-Taurus 
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Mountains of Southern Crimea, Caucasus, Kopet 
Dagh, Mountams of Khorassan, Hindu Kush 
Pontic Mountams, Armenian Mountams, Elburz 
Mountams 

Kurdistan Mountams, Zagros Mountams 
Pamirs, Sulaiman Mountams, Karakorum, Himalaya, 
Kuen-Lun, Thian Shan, Arakan Yoma, Patkoi 
Mountains. 

The student should study this great S 3 rstem of fold- 
mountains on a good orographical map 

In Eastern Asia, in the islands of Mala37sia, and m 
New Zealand there are great loops or festoons of 
volcanic mountainous islands which are probably an 
immense Alpine system, large parts of which are 
below sea-level The mountains of Kamchatka, of 
Japan, of Sumatra and Java are qmte Alpine in char- 
acter, though studded with numerous active volcanoes 
The New Zealand Alps possess the t 3 q)ical features of 
an Alpine range, and the name is well-deserved In 
North Amenca a tnple hne of fold-mountains extends 
from Alaska in the north-west to the Mexican plateau 
The Rocky Mountams form the eastern rampart of the 
great elevated region of Western North Amenca On 
the Pacific side of this western system of highlands are 
the coast-ranges overlooking the deep ocean, and an 
inner system of which the Sierra Nevada and Cascade 
ranges are the best known In Mexico, Central 
Amenca, and the West Indies, is a system somewhat 
comparable m form to that of Eastern Asia The 
general trend of the mountain-hnes is here east and 
west, with concentnc curves or festoons of volcanic 
mountams and mountainous islands The tnple hne 
of the Cordilleras of the Andes m South America corre- 
sponds generally with that of the North American 




[Uy coxtrUzy of the Hxgh Commizsioner for Nexv Zealand 

Plate: VI — "The Rtmarkabies Alpine Mountains, South Tsiand New Zealand 







Plate VII — View of the Rocky Mountains in Alberta 
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ranges, but while the latter -widen out to more than 
1000 miles m their imddle part, the South American 
system barely reaches half that -width m its -widest part 

Older Mountain Ranges — It is clear from the con- 
sideration of Alpme mountains that they are prominent 
features in the structure of the continents The ranges 
enumerated m the preceding section have acquired 
their present general form and structure m the later 
geological periods Most of them date from Cainozoic 
times It seems reasonable to suppose that similar 
foldmg, followed by an erosion phase, must have oc- 
curred m the older geological periods, and the wrecks 
of older folded mountains may reasonably be expected 
among the various land masses As a matter of fact 
all the contments show traces of older continents, and 
the gram of old mountain ranges may often be seen 
partly obliterated by the more recent mountain- 
building movements This subject may be illustrated 
by examples 

Caledonian Range of NoitJhWest Europe 

In the Devonian period a vast contment stretched 
across what is now the North Atlantic and most of 
Northern Europe Across this northern contment 
tangential pressure m the earth’s crust produced an 
old Alpme range, just as pressure m the crust produced 
the present Alps m Tertiary times This ancient range 
stretched at least from the west of Ireland to the north- 
east of Scandma-via, and was probably as extensive as 
the modem Himalayas The long-contmued erosion 
phase began towards the close of the Devonian period 
and was continued through the Carboniferous and later 
geological penods The erosion of its plutonic and 
metamorphic rocks, and probably of its sediments. 
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provided, during the Carboniferous period, the material 
to the formation of the immense deposits of the Mill- 
stone Grit of the north of England Smce that time 
the range has been subject to many geological " acci- 
dents,” and now only its worn-do\vn and broken relics are 
left as the Higlilands of north-west Ireland, the Highlands 
of Scotland, and the plateau-highlands of Scandinavia 

Armoucan and Vaiiscan Mouniajn Fiagmenis of Europe 

Relics of ancient folded mountains of about Permo- 
Triassic Age exist in Central and Western Europe The 
great mountain-buildmg movements of those times have 
been called Herc3Tiian The ranges then formed were 
probabl}’^ not so complex as the more modern Alps, but 
the}'’ were might j’’ sj'stems The denuded and broken 
fragments now existing form the senes of low mountains 
of middle and western Europe, including the Riesen, 
Erz, Fichtel, Thunnger, Harz, and Rlion mountains, 
the Westerwald, Taunus, Black Forest, and Vosges 
These fragments have been named the Vanscan moun- 
tains The Hunsruck, Eifel, Ardennes, the Auvergne 
of Centra] France, the rocky highlands of the Cotentin, 
Bnttany, Devon and Cornw'all, and Southern Ireland, 
with possibly the Meseta of Spain — have been named 
the Armorican Mountains These Armoncan high- 
lands may be a little older than the Vanscan highlands 
Both of them suffered erosion and denudation dunng 
the long Mesozoic and Cainozoic eras, and both took 
part in resisting and giving direction to the Alpine 
earth-storm The denuded and broken fragments 
stand in the modem continent as reminders of a Europe 
long smce passed away These residual blocks of the 
Armoncan and Vanscan systems lead us naturally to a 
consideration of " Block Mountains ” 

Block Mountains — ^These are portions of the earth’s 
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crust which have been uplifted bodily above the sur- 
*-ounding country, or which have been left standing when 
adjacent blocks have subsided A classic instance, and 
one of the best possible illustrations, is furnished by the 
old blocks of the Vosges and Black Forest, with the 
depiessed valley of the middle Rhine between them, — 
the Rift Valley of the Rhine The relation of these 
crust-blocks will be best understood from a bnef historj^ 
of the whole region At the end of the Jurassic penod 
the eroded, irregular surface of the old Vanscan moun- 
tains had been depressed below sea-level and was 
covered wnth a thick mantle of Mesozoic rocks This 
stage IS represented m the diagrammatic section. Fig qa 
Dunng the earlier Tertiary Alpine movements there 
was depression of the whole region, involving not only 
the Mesozoic strata but also the underlying granites, 
gneisses, and Palaeozoic sediments A middle-European 
sea flowed over a sunken part in the Oligocene penod, 
on the floor of w'hich were deposited the manne Ohgocene 
strata now found under the covenng of the Rift Valley 
The section (Fig gn) represents the condition of tlungs 
at the end of the phase 

The great folding-movements of the Alps took place, 
as alreadv stated, in Miocene times, and the region under 
consideration was again subjected to disturbance 
Two parallel hnes of faults were initiated, which let 
down the Rhine nft valle}*' between the horsis ^ of the 

^ A horsi IS a crust-block left standing dunng the subsidence 
of the adjoining region more or less on two sides The follow- 
ing are well-known examples The Grampian Highlands of 
Scotland bounded by the fault line of Glenmore and the High- 
land boundary fault , the Thunnger Wald , the small plateau 
of Morvan m Central France , the mass of Sinai with the sunken 
Red Sea on one side and the Gulf of Akaba on the other , and 
Korea, between the sunken areas of the Yellow Sea and Japan 
Sea 
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Vosges and Black Forest Subsequent erosion re- 
moved most of the Mesozoic strata from the higher 




Fig 9 a, b, c — Diagrammatic Transvkrsb Sections across 
THE Rhine Rirr-VALLEv and the Adjacent Crdst-Blocks 
AT different Geological Periods. 

A At the end of the Jurassic period B. At the beginning of the 
Miocene period before the great "Alpine Storm” occurred 
C At the present time 

a PaliEozoic, and older Igneous, and Metamorphic rocks b Meso- 
zoic rocks c Oligocene rocks d Later Igneous rocks forming 
the Kaiserstuhl A pre-Mesozoic land-surface is shown at X X 
in Fig 9A 


parts of the region This final stage is represented by 
the section, Fig 9c 

The Vosges and Black Forest thus stand up as Block 
Mountains with the nft- valley of the Rhine between them 
The Feldberg of the Black Forest is 4900 feet high, 



LAND-FORMS 


75 


the Belchen of the Vosges 4700 feet, the rift valley 
has an average elevation of about 600 feet The Rhine 
flows through a plain of recent deposits, at Basle at a 
height of 870 feet , near Strassbnrg, of 470 feet , at 
Mannheim, of 300 feet 

The other parts of the Vanscan and Armoncan 
ranges were broken up in vanous ways Deep and 
long fractures cut the ranges into blocks which rose or 
fell independently, and thus the old fragments stand 
up as the block mountains of middle and western 
Europe Many of these are now worn into the con- 
dition of a plateau , especially is this the case with the 
Belgian Ardennes and the Eifel 

Plateaux — ^From the consideration of block mountains 
we may now pass to the closely related areas of uphft, 
generally of greater extent and usually of more even sur- 
face, known as Plateaux It has already been mentioned 
that movements of displacement of large portions of 
the earth’s crust, from or towards the centre of the 
earth (radial movements), are interdependent with the 
tangential movements which produce folded moun- 
tains At the time of the folding which produced the 
younger Eurasian mountains, for example, great areas 
of depression were formed on the inner or concave side 
of the mountain curves Thus were produced the 
depression of the Hungarian Sea, afterwards to be 
filled with sediments and to become the Hungarian 
Plain , the Adnatic Sea, a part of which has already 
been filled wth sediments to form the Plain of Lom- 
bardy , and the Tyrrhenian Deep, enclosed between 
Italy, Sicily, and Sardinia Dunng the same long 
penod uphft of great masses took place, chiefly earth- 
blocks already in existence, some of which were un- 
evenly tilted and frequently broken in the process 
The Meseta of Spain, the Auvergne plateau, and the 
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lozenge-shaped plateau of Bohemia, with its irregulai 
surface, then took on their modern form 

In Asia, the plateaux, of which the positions and 
relations were then determined, are on a stupendous 
scale The fold-mountains of that continent are inti- 
mately related to the areas of elevation and depression 
of large earth-blocks, as in the case of Europe The 
plateau of Anatolia or Asia Minor is bounded by the 
Pontic Mountains on the north and by the Taurus 
and Anti-Taurus ]\Iountains m the south and south- 
east The plateau of Iran is surrounded by Alpine 
ranges,' — Kopet Dagh, Hindu Kush, Sulaiman Moun- 
tains, Zagros Mountains, Kurdistan Mountains, and 
Elburz Llountains The greatest and highest plateau 
in the world, — that of Thibet, — ^has round it the Paimrs, 
the Karakorum, the Himalaya and Trans-Himaiaya, 
and the Kuen Lun and Thian Shan mountain ranges, 
whose length and height are commensurate ivith the 
mighty crust-block they surround The Tanm basin 
IS a plateau of lesser elevation among the enormous 
masses of mid-Asia Situated almost m the middle 
of the continent, and almost surrounded by mighty 
walls of Alpine mountains, it is a relative depression 
with an average elevation of about three thousand feet 
above sea-level 

The Arabian plateau and the Deccan of India are not 
so obviously related to any lines of Alpine mountains 
They are probably part of an ancient continent which 
included much of the present Afnca and Australia, as 
well as the semi-detached parts of Southern Asia This 
ancient continent seems to have been remarkably free 
from such lines of sharp folding as are characteristic of 
Eurasia and the Amencas, hence its relics are plateaux 
which have been the theatre of long-continued denuda- 
tion, and subject to many accidents of earth-movement 




Platl VI II — The 1 vium River Central Asia an Internal Drvinvgc" River 
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since Permian or Triassic times The recognisable 
parts of this ancient continent are the plateaux-regions 
of Afnca, Arabia, the Deccan, and Australia 

The great plateaux and basins of North Amenca are 
closely related to the long lines of Alpine mountains in 
much the same way as those of Eurasia are to the similar 
mountains of the Old World An orographical map of 
North Amenca shows a succession of plateaux and 
elevated basins between the Rocky Mountains and the 
western coast-ranges These plateaux are mainly large 
blocks of the earth’s crust bounded by faults or by 
simple folds The Mexican and Colorado plateaux, the 
Utah basin, the Columbia, Frazer, and Yukon plateaux 
are structural divisions which the student will readilj' 
understand 

In South Amenca the western mountain-system is 
threefold as in North Amenca, but its parallel ranges are 
,00 close together to allow of table-lands as large as 
those of the northern continent In latitude 18° S , 
Lake Titicaca occupies the same relative position with 
respect to the mountains of South Amenca that the 
Great Salt Lake occupies in North Amenca 

It may be mentioned here that there are immense 
plateaux of a diSerent type in North Amenca east of the 
Rocky Mountains These vast plateaux slope gradually 
from heights of over 6000 feet to the comparatively low 
alluvial plains in the middle of the continent, and 
present monotonous stretches of praine dissected by the 
great nvers which dram to Hudson Bay and the Gulf 
of Mexico The “Bad Lands’’ of Dakota consist of 
plateau x-blocks deeply scored by the MTiite River and 
its tnbutanes The nv^ers have cut so deeply that some 
portions of the dissected regions are almost inaccessible 
These plateaux are related, m aU except their elevation 
to the plains of alluvium and recent sedimentation to be 
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discussed later, more than to the crust-blocks already 
described They are mentioned here m order to em- 
phasise again the difficulty of estabhshing hard-and-fast 
divisions of land-forms 

MouniaMurtms of Plateaux — Plateaux of the crust- 
block type have frequently elevated, scarped edges, 
which from neighbouring lowlands appear as consider- 
able mountain-chains, but which present only a moderate 
elevation when seen from the surface of the plateaux 
The following well-known examples may be quoted 
the Cevennes 'range’ is the eastern nm of the tilted 
Auvergne crust-block, the Sierra Morena is the southern 
edge of the Meseta of Spam, the Erz Gebirge and Riesen 
Gebirge form the northern edge of the Bohemian crust- 
block plateau, and the Western Ghats form the sharp 
mountainous western edge of the Deccan of India 

Fractured Crust-blocks — ^The fractunng of the 
Vanscan and Armoncan mountain-systems prepares 
us for the frequent fractunng of the residual fragments 
Such fracture-lines are of frequent occurrence, and are 
geological accidents which have produced important 
geographical consequences The lozenge - shaped 
plateau-massif of Bohemia has been extensively 
fractured , and from the cracks there have been ex- 
truded sheets of lava, and showers of volcamc ash 
ejected The famous hot spnngs of Carlsbad, and other 
v/ell-known hot spnngs m Bohemia, are relics of these 
disturbances and of the volcanic phase existing in 
Tertiary times Occasional earthquakes show that the 
region is yet somewhat unstable Similar fractures in 
the central plateau of France allowed of the formation 
of Tertiary volcanoes The Puys of Auvergne are 
obviously very recent structures, whose activity seems 
to have continued almost or quite to the human penod 
Numerous hot spnngs again remind us that there is 
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heated matenal probably at no great depth, and that the 
fracture-hnes offer facihties for the heated waters to 
reach the surface The hot spnngs of the Vosges, 
Black Forest, Taunus, Hunsruck, Eifel, and Ardennes 
are probably of similar ongin Many crust-blocks, m 
different parts of the world, have been subjected to 
similar geological accidents, to which much of their 
vanety of surface is due 

Plateaux of Denudation — Some plateaux are due to 
long-continued denudation acting on old block-moun- 
tains or on very old Alpine mountains The " felds ” of 
Scandinavia are irregular plateaux produced by the 
denudation of the old Caledonian Range already de- 
scnbed Farther east, in Finland, denudation has 
reduced the system to the condition of a comparative 
lowland, over which are scattered innumerable lakes 
In the Highlands of Scotland the same old mountain- 
system has been worn down to the condition of a plateau, 
dissected by the deep, irregular glens so charactenstic 
of such a highland region The Bntish part of the 
Caledonian mountain-system is thus intermediate in 
character and in elevation between the Kiolen and 
Dovrefeld of Scandinavia and the Archaean lowland of 
Finland This is another illustration of the difficulty of 
obtaining a ngid classification of land-forms 
The Laurentian Highlands, north of the St Lawrence, 
and the greater part of Labrador, consist of very ancient 
rocks which have been worn down approximately to 
the condition of a peneplane 
Plateaux in Dry Regions — In regions of very Iom rain- 
fall plateaux remain, on the whole, fairly levd, because 
hollows produced either by earth-movements or by 
previous denudation are rapidly fiUed ivith wind-bome 
matenal The rare rams which occur are usually tor- 
' Latin pac7tc, almost 
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rential, and loose material from the exposed rock-surfaces 
IS swept into the hollows The vast plateaux of such dry 
regions have, therefore, undulatmg surfaces quite unlike 
the dissected plateaux of regions of moderate or heavy 
regular rainfall. The Arabian plateau and the Western 
Highlands of Scotland may be contrasted as extreme 
types m this respect 

Shield Lands — Shield lands are distmctive segments 
of the earth’s crust, which are roughly oval or circular 
in shape, and consist largely of very ancient rocks 
(usually pre-Cambrian) highly metamorphosed by the 
very long-contmued stresses and pressures to which 
they have been subjected They have mamtamed 
their mdividuality smce at least early Palseozoic times, 
though m subsequent geological eras igneous mtrusions 
may have been thrust into them and shallow-water 
sediments deposited upon them here and there They 
contam no folded strata of Upper Palseozoic, Mesozoic, 
or Tertiary Age — a characteristic which teaches us that 
they are resistant ancient blocks that have been able 
to withstand the tangential pressures or thrusts by 
which the less resistant rocks have been thrown mto 
folds These shield lands are named “ ancient coigns ” 
by some writers 

Three of the best knovra and most fully studied shield 
lands are the following (i) The Canadian Shield or 
Laurentian Shield, which underlies Labrador, most of 
Quebec and Ontario, Hudson Bay, and the plains as 
far west as the line of the great north-western lakes 
(2) The Baltic Shield or Scandinavian Shield, which 
mcludes Fmland, the Northern Baltic, and a large part 
of the Scandmavian Penmsula (3) The Angara Shield, 
which underlies a vast area m North-Central Siberia 
It is possible that the so-called Russian Platform, which 
seems to extend almost from the eastern Carpathians to 
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the Urals, is such a shield land, which is, for the time 
bemg, almost entirely covered by quite recent and 
comparatively recent sediments of many kmds 

As a concrete example of these shield lands there 
follows a brief description of the Canadian Shield, known 
also as the Laurentian Shield or Acadian Shield Its 
foundation consists of plutonic, volcanic, and sedi- 
mentary rocks of pre-Cambrian Age and of considerable 
variety In periods long after their formation, but 
still m the pre-Cambrian era, these rocks were thrust 
into mountain arcs, and were folded, very much crushed, 
and intensely metamorphosed In later pre-Cambrian 
times, and before the dawn of the Lower Palaeozoic era, 
these primeval mountain lands were peneplaned and 
reduced to nearly their present level, and to somethmg 
approaching their present condition It is believed by 
Canadian geologists that the time occupied by the pre- 
Cambnan sedimentation, with its accompanying vul- 
canicity, the subsequent epoch of mount ain-buildmg, 
and the still later vast eras of denudation and pene- 
planation, must have been greater than all the geologic 
time from the begmmng of the Cambrian to the present 
daj^ During all those long eras, through Paleozoic, 
Mesozoic, and Tertiary times, the Canadian block or 
coign has maintained itself as a continental mass, the 
nucleus round which, and upon which, the North 
American Contment has grown, all the while offering 
a stout resistance to lateral thrusts, and being so hard 
and resistant as to suffer erosion but slowly 
An mteresting but comparatively slight geological 
accident m the long history of the Canadian Shield has 
gi\en to it, at the present day, peculiar human signifi- 
cance As a result of the recent Ice Age the peneplaned 
surface of the shield land has been streira with boulder 
clav and other glacial deposits, and thus a new but 
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temporary topography has been superimposed The 
drainage of the region is now characterised by innum- 
erable lakes, large and small, from which the present 
rivers spill over from one lake to another, through 
accidental channels, forming those hundreds of water- 
falls which are such a valuable asset to the country, as 
they become harnessed for the production of hydro- 
electric power 

Many block-mountains, crust-block plateaux, and 
plateaux of denudation have not been mentioned The 
aim has been to show, by means of well-know examples, 
the nature and origin of some of the land-forms, and 
especially to emphasise the close relationship between 
the various 15'pes mentioned 


BIBLIOGRAPHY 

(1) Geography Siruciural, Physical, and Compatahvc 

J W GREGOR'i Blackie &. Son 7s 6d 

(2) The Geological Giowth of Euiope G A J Cole 

Thornton Butterworth 2s 6d 

(3) The Making of the Eaiih J W Gregory Thorn- 

ton Butlerworth 2s 6d 

(4) Eaith Featmes and then Meaning W H Hobbs 

Macmillan & Co 1 8s 

(5) The Scientific Sludy of Scene} y J E Marr Methuen 

< 5 L Co 7s 6d 

(6) The Sceneiy of Scotland Sir A Geikie Out of 

print, but useful 

(7) The Scene} y of Switzerland Lord Avebury Mac- 

millan & Co 7s 6d 

(8) The Geology of the Lake DisUict J E Marr 

Cambridge University Press i8s 

(9) Physical Gcogi aphy P Lake Cambridge Unn'er- 

sity Press 12s 6d 

(10) Eaith Evolution and its Facial Expiession W H 
Hobbs Macmillan & Co 12s 6d 



LAND FORMS 83 

(11) The Siriiciine of Asia J W Gregory and others 

Methuen d Co 15s 

(12) PteJnsionc Ettrope A Geological Sketch J Geikie 

E Stanford 25s 

(13) The Origin of Earthquakes C Davison Cambridge 

University Press 2s 6d 

(14) A Htsiory of British Earthquakes C Davison 

Cambridge University Press 25s 


A Note on an Earthquake in India 

Sir S Burrard has shown that m an earthquake in 
Northern India 5000 sq miles of country were upraised 
5 inches 



CHAPTER V 


LAND-FORMS MOUNTAINS OF EROSION 

All the land-forms discussed in the preceding chapters 
are attacked by the agents of erosion and denudation In 
vanous ways and in different degrees Alpine mountains, 
block-mountains, plateaux, volcanic accumulations are 
all attacked by wind, ram, frost, nvers, glaciers, and the 
sea The mechanical and chemical action of the atmo- 
sphere, the solvent and chenucal power of water, the 
expansive force exerted by water in freezing, the 
mechanical action of water as ram or nvers, the action 
of ice and water in glaciers, the force of gravity, the 
heat of the sun — these act aad interact m an infinite 
vanety of combinations The rocks of which the 
land-forms are made are fnttered away The word 
erosion'^ expresses very well these destructive pro- 
cesses The removal of the matenal disintegrated or 
set free by erosion and the uncovenng or exposure of 
the rocks below is usually descnbed as denudation ^ 
These two complementary processes profoundly modify 
the land-forms, and produce in them a senes of new 
features The study of the forces and agents of erosion 
and denudation belongs to Physical Geography and 
Geology , we shall, as in the preceding chapters, confine 

^ Latin eiodere, to gnaw or eat away, -e, out, lodo, I gnaw , 
denudare, to strip bare, de, away, nudus, naked 
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ourselves to these results which are considered to be of 
considerable geographical significance, alwa}^ bearing 
in mind the conception of Geography, which is the main 
thesis of this book 

The amount and manner of erosion and denudation 
and the rate at which the dissection of the land-forms 
takes place, will clearly depend upon the following 
factors 

(fl) The nature of the rocks , their resisting power, de- 
pending upon the nature of the individual rock- 
particles or minerals, and the cementing matenal 
in the case of certain fragmentary rocks their 
permeabihty or impermeability to water , and 
whether much jointed or not , 

(b) the position and relationships of the rocks m the 

field, including in this the dip of the sedimentary 
rocks, the ahgnment and mode of occurrence of the 
Igneous rocks , whether the rocks are faulted or 
not, and, if folded, whether shghtly or intensely , 

(c) the intensity of the forces and agents of erosion 

and denudation, including in this the climatic 
conditions, such as amount of rainfall, prevalence 
of much frost, and considerable variations in 
temperature , and the time dunng which the 
onginal land-forms have been subject to the 
attack of these forces 

It will be seen in the sequel that what are usually 
descnbed as residual mountains, mountains of erosion, 
or mountains of denudation are stages in a great cycle 
of processes , and, indeed, these mountains are usually 
a late stage The " cycle of erosion ” here referred to 
begins ivith a newly upheaved land-surface, and con- 
tinues until erosion and denudation have worn it down 
to a plain again It will be convement to discuss in 
this chapter some early stages in cycles of erosion 
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though the land-forms produced are not mountains al 
all in the ordinary sense They are, however, ]ust as 
important to the geographer, and their study may well 
be included in this place We shall study a senes of 
concrete examples which illustrate general pnnciples 

The Dissection of the Loess of China — ^The loess of the 
north-west and west of China is a fine-grained yellowish 
loam,^ sometimes nearly 3000 feet in thickness , it 
covers an area of over 200,000 square miles in the 
basin of the Hoang-ho or Yellow River This immense 
deposit chiefly consists of very fine grains of quartz 
and calcium carbonate, and seldom appears to be 
appreciably stratified Similar deposits occur in other 
mid-continental regions, but the finest example is 
in the steppe region on the north-eastern side of the 
immense plateau-deserts of mid-Asia Most geologists, 
therefore, follow Richthofen in beheving that the de- 
posit IS wind-borne, and that the extremely small 
grains of which it consists have been earned from 
the high-pressure region of the great continent by the 
steady winter monsoon winds, the process having 
possibly continued since the estabhshment of the 
present general conditions about the beginning of 
Pleistocene time 

This soft, homogeneous deposit has been dissected in a 
remarkable manner The plateau, which it forms, has 
been cut up by the nvers into blocks, which are separated 
by a labyrinth of deep valleys with perpendicular or 
overhanging walls As the loess, owing probably to 
slight variations in the nature of the deposit, tends to be 
cut back almost honzontally on certain honzons, the 
result IS, m places, the formation of a remarkable senes 
of terraces on the flanks of the otherwise perpendicular 
gorges The vertical walls of the deep valleys above 
^ Loam , cf German, lehm^ a calcareous, sandy clay 
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these terraces have provided ideal conditions for the 
cutting of vast numbers of the cliff dwellmgs for which 
these regions have long been famous 
The “Bad Lands'* of Dakota — In South Dakota, and 
adjommg parts of Wyommg, there is a wide region 
occupied by soft horizontal strata, chiefly clays and 
soft sandstones of Mesozoic Age The rainfall is not 
more than fifteen mches per annum, and occurs largely 
in storms The summer is very hot, and the smaller 
streams are then dried up The soft, horizontal strata 
have been dissected by numerous steep-sided channels, 
enclosmg mesas " or blocks of land which are accessible 
from each other only with some difficulty The region 
thus merits the name mauvaises terres pour travel ser** 
given to it by the early French explorers Hot and 
waterless at times, with irntatmg alkaline dust blow- 
ing, the cliffs and plateau-surfaces almost destitute 
of vegetation, these deeply dissected lands are of pro- 
found interest to the student of Physical Geography^ 
and also to the paljeontologist who finds in the soft 
strata some of the most perfect and wonderful remains 
of extinct animals yet known 

The Canons of Colorado — Probably the most magnifi- 
cent examples of deep gorges cut in approximately 
honzontal rocks are the stupendous canons west of the 
Rocky Mountains A vast succession of strata of age 
varying from Palseozoic to late Mesozoic, capped in 
places by immense lava-flows, has been dissected by the 
Colorado and other nvers The region is a dry one, 
and there is httle of the subaenal weathenng which 
goes on in hunud localities The nvers are fed from 
the snows of the Rocky Mountains, and flow through the 
almost rainless plateaux, cutting deep gorges, the sides 
of which do not recede at the rate they would if the 
atmosphere contained much moisture, and if the 



88 


STRUCTURAL GEOGRAPHY 


ordinary erosion of rain and frost took place This 
vast plateau area of almost honzontal strata stands 
many thousands of feet above the base level of erosion, 
and so the gorges reach an enormous depth, in places 
as much as 6000 feet Immense dissected blocks of the 
sedimentary and volcanic rocks are the result , these 
have also been termed mesas by the early Spanish 
explorers and settlers 

Canon-like Gorges in other Regions — Gorges of some- 
what similar type are found in many parts of the world, 
but nowhere on so grand a scale A remarkable 
dissected country is that of Southern Abyssinia The 
rocks there are chiefly volcanic — ^trachytes, basalts, and 
tuffs, and he almost honzontally The volcanic plateau 
nsmg to 7000 feet or more above sea-level, has been 
dissected into a remarkable system of blocks similar to 
the mesas already mentioned The rocks, owing to 
differences in texture at different levels, and to their 
general honzontal alignment, show magnificent terraces, 
with mighty walls of 3000 feet nsmg sheer from them 
Some of the canon-hke gorges reach 5000 feet m depth 
The summits of the dissected blocks — called “ Ambas ” 
in that country — and the less easily accessible terraces, 
are often crowned by fortresses, or are the seat of 
monastenes 

We may also instance here the rocks of the Nieuweld 
plateau in South-East Africa which culminates in the 
deepty dissected Drakensberg The rocks are shales, 
gnts, and sandstones, covered by more-resistant igneous 
roclcs The Drakensberg high plateau has been cut into 
a senes of tabular mountain-blocks, sometimes having 
the appearance of gigantic fortresses Giant’s Castle, 
9000 feet above sea-level, is a well-known example 
In the neighbourhood of Mont Aux Sources, on the 
north-west border of Natal, the magnificent gorges of 
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the upper Tugela River are quite canon-hke in char- 
acter The gorge known as "The Great Canon" is 
five miles in length below the famous Tugela Falls, and 
in places is not more than 40 feet wide There are 
many cliffs which nse almost vertically for thousands 
of feet , in the middle of one such senes the main 
falls of the Tugela plunge over 2000 feet in three 
steps In the Champagne Castle region a httle to the 
south of Mont Aux Sources the Little Drakensberg is 
separated from the mam range by a gorge 7000 feet 
deep Throughout the whole of the Drakensberg, but 
especially in the three regions mentioned, the dissection 
of the plateau has left magnificent examples of isolated 
mountains of erosion or denudation , these stand out 
from the serrated edge of the plateau as giant outliers, 
separated from each other by the smaller tnbutanes of 
the Tugela and other nvers 

We may now turn to similar gorges and dissected 
blocks, cut out of hmestone plateaux The fine gorges 
of the Tam in South-central France may be especially 
mentioned The rainfall is there considerable, but the 
well-]ointed hmestone allows the rain-water to pass 
through to form underground streams, and the direct 
downward cutting of the main stream therefore pro- 
ceeds more rapidly than the erosion of the side walls 
In this way deep gorges are cut in the hmestone rock 
The smaller gorges of the carboniferous hmestone 
regions of Bntain, notably those of the West Riding of 
Yorkshire, Derbyshire, and the Mendips, are similar 
to those of the Tara The jointed limestone allows of 
the production of gorges with more or less vertical 
^^alls 

Saxon Switzerland and the Swabian Jura — ^In the 
region known as Saxon Switzerland, on the borderland 
of Bohemia and Saxony, there are well-bedded Cretaceous 
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gnts which have been dissected into plateau-hke blocks 
by systems of vertical fissures One of the best examples 
IS the gorge by which the Elbe passes through from 
Bohemia to Saxony, and which has been descnbed as 
a good example of a canon In the Jurassic region of 
Swabia the Danube and its northern tnbutanes, and 
the feeders of the Neckar, have cut deep gorges, in 
the bottom of some of which nvers still flow, while 
many are “ dry valleys ” In the northern part of 
this dissected land there are prominent rock-masses 
with precipitous faces, standing out from the gently 
sloping tableland as islands or peninsulas 

In regions where there is a moderate or heavy rainfall, 
and where consequently frost and ram may erode the 
sides of the nver-valleys, the canon character becomes 
modified The valley becomes relatively wider, and 
the intermediate blocks of land lose something of their 
plateau character These effects are best illustrated 
and studied in regions where the strata are ho’-’zonfcal 
or only gently inchned, and where sandstones and gnts 
form a considerable portion of the rocks 

The Plateaux of the North Pennines — ^There are two 
distinct Pennine regions The moorlands north of the 
Craven Gap have a structure somewhat different from 
that of the Southern Pennines The Northern Pennines 
consist of a senes of crust-blocks, bounded to the west 
by promment faults The four chief fault-systems are 
the Tyne, the Pennine, the Dent, and the Craven, two 
of which, the Pennme and the Craven, form distmct 
features m the Northern Pennmes The positions and 
relations of the various structural divisions will be 
better understood by reference to a simplified geological 
map m which the great faults are shown somewhat 
diagrammatically {see Fig lo) 

There are, it will be seen, three great blocks of Car- 




?iG 10 — A Simplified Geological Map of the North of 
England, to illustrate the Geographical Divisions 

I = Granite masses 2 = Lower Palfeozoic Rocks 3a = Carboniferous 

Limestone 35 = Millstone Gnt 3i-=Coal Measures 4= New 
Red Sandstone (Permian, Tnas) 5 “Jurassic Rocks 6=Cretace 
ous Rocks (Chalk, etc ) 7 = Recent deposits 

Note the great Fault Systems of the Northern Pennines The Faults, 
reading in order from north to south, are Tyne Fault, Pennine Fault, 
Dent fault, Cra\en Fault Each of these faults is more or less complex 
or compound m structure 

The chief, clearly defined Geographical diMsions, as determined by 
the rocks, rock structure, and rock position, are The Northern 
Pennines, chiefly Carboniferous Limestone, with denudation relics of 
Millstone Gnt , the Southern Pennines, chiefly Millstone Gnt, with the 
tw o great coal field systems on the flanks , the Lake District system of 
Older Palaeozoic Rocks, with masses of Granite, and with a nm of 
Carboniferous Rocks, the Rowland Fells, between the Cra\en Fault 
and the North Lancashire Plain, Millstone Gnt and Carboniferous 
Limestone, with the httle Ingleton coal-field at the north eastern 
comer , the large coal fields determining the great industnal areas of 
the north , the New Red Sandstone plains, Lancashire and Cheshire, 
North-Eastern, and Vale of Eden , the North York Moors, Jurassic 
Rocks , the Yorkshire Wolds, Chalk rock , the Lmcolnshire Scarps and 
Wolds and the pirt of the Fcnlands shown on the map 
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bomferous strata, in which the dominant formation is 
the Carboniferous Limestone, with irregular cappings 
of Millstone Gnt These may be called the Cross Fell, 
the Dent, and the Penygent blocks Each of these, 
but more particularly the last-named, illustrates very 
clearly the dissection of a plateau and the production 
of well-defined residual mountains An east and west 
section — somewhat diagrammatic — through the Craven 
Fault, Ingleborough, Penygent, and Great Whernside 
illustrates the whole structure remarkably well, and 



Fio II — ^Diagrammatic Horizontal Section across the 
Craven Fault and the Pennine Moors to the East 

On the east of the fault Millstone Grit overlies Carboniferous Lime 
stone, and the latter lies unconformably on Loner Palieozoic 
Rocks, which come to the surface in Ribblesdale On the west of 
the fault, near Inglelon, Permian Rocks (New Red Sandstone) 
overlie Coal Measures The strata are shown diagranimatically, 
with the \ ertical scale exaggerated 


shows the relics of the Millstone Gnt as the caps of the 
three conspicuous mountains named, and nsmg from 
the platform of the Carboniferous Limestone into 
which the nvers Ribble and Wharfe have cut their 
valleys In Ribblesdale, the nver in its cutting-down 
has reached the Older Palaeozoic rocks below the floor 
of the Carboniferous Limestone 

In the case last considered the residual mountains 
constitute only a fraction of the onginal tableland of 
Carboniferous rocks out of which they have been carved 
The lower strata of the Carboniferous Limestone are 
now m a comparatively early stage of dissection, but 






Plate X — A Mountain or PIorizontai Torkidon Sandstone (A) 

ENCLOSINC A MOUNTAIN 01 LeWISIAN GnEISS (B) 
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of the upper beds of the same formation very consider- 
able portions have been removed , the MiUstone Gnt 
caps of the mountain -masses are only a very small 
remainder of the once vast extent of that formation 
Quite possibly there have once been newer strata over- 
lying the whole of those at present exposed, — Coal 
Measures, Permian and Mesozoic rocks,— but, if so, 
they have been completely removed by denudation 
It IS clear, therefore, that erosion and denudation have 
proceeded to a comparatively advanced stage We 
may now consider cases where the process has reached 
a more advanced stage 

The Tomdoman Moimtams of Scotland — In the extreme 
north-west of Scotland there are many bold mountains 
which consist of almost honzontal gnts and quartzites 
of the Tomdoman senes These rocks are pre- 
Cambnan sediments, and are thus of very great 
geological antiqmty They overlie unconformably the 
Archasan schists and gneisses of the North-Western 
Highlands The pre-Cambnan sediments have clearly 
once extended over a wide area, but only the merest 
rehcs are now left Through long geological ages erosion 
and denudation have continued, and nearly the whole 
of the once widespread strata, 7000 to 8000 feet in 
thickness, has been removed A number of isolated 
mountains may be seen in Sutherland and Ross-shire, 
the lower parts of which are composed of almost 
honzontal Tomdon Sandstone, capped by bold cones 
of quartzite, the whole resting on a much denuded 
platform of Archsean rocks These are true residual 
mountains, and the region is now in a late stage of 
the cycle of erosion 

" Monadnocks " — Similar true residual mountains — 
the rehcs of the dissection of some kind of upland or 
plateau — are found in many parts of the world An 
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example, which has become famous, is Mount Monad- 
nock, m New Hampshire, USA This is an Archaean 
peak of about 3500 feet above sea-level, which now 
stands up as an isolated mass, and a proimnent land- 
mark — ^the result of the almost complete destruction of 
an old plateau The name of this residual mountain 
has been proposed by Prof W M Davis as a technical 
name by which all such remnants of dissected uplands 
should be known The name is not a euphonious one, 
but it has already won a place, if a somewhat grudging 
one, m geographical literature 

Dissection of a Dome — The English Lake District 
— In the examples we have studied up to this 
point the strata have been, for the most part, hon- 
zontal, or only dipping at a low angle We now come 
to the study of the dissection of upland regions where 
the rocks are much folded The first illustration is the 
English Lake Distnct, a region which furnishes excellent 
illustrations of residual mountains Such mountains 
as Scafell, Helvellyn, and Fairfield, for example, stand 
out comparatively isolated , but they are clearly 
rehcs of a once continuous mass The Lake Distnct 
consists essentially of a central region of folded and 
faulted Older Palaeozoic rocks, partly sunounded by 
a girdle of Carboniferous rocks, with another incomplete 
outer girdle of New Red Sandstone rocks The 
central maiss has been uphfted into a sort of elhptical 
dome, somewhat hke a shallow spoon, convex side 
upwards The axis of the upfold runs from east to 
west, and the drainage thus shows a sort of radial 
arrangement with more emphasis on north and south 
than on east and west directions Dr Marr has 
shown that the uphft of this dome probably took place 
in Miocene times At that penod, the older rocks 
were possibly covered with Jurassic and Cretaceous 
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rocks The drainage then set up has been inhented 
by the present much-folded and faulted central lake 
region, some of the complex folding and faulting of 
which belongs to a much earher penod It is on this 
account that the nver-valleys so often cut across the 
gram of the rocks Aided by numerous faults, the 
drainage of this region of heavy rams has cut deeply 
into the dome and produced the stnkmg assemblage 
of mountains and deeply trenched valleys It ought 
to be added that Dr Marr is of opinion that erosion by 
glaciers has played a considerable part m the gouging 



Fig 12 — A Dissected Dome 

A sketch of the profile of some Lake District mountains as seen from 
near Seascale The deep valley is Wastdale, with the famous 
screes on the slopes above Wastwater 

out of some of the valle5^ The general question of 
glacial erosion is still one of the thorny questions of 
geology, but Dr Marr has paid so much attention to 
the physical history of the Lake Distnct that his opinion 
must carry considerable weight 
Snowdon as a Eesidnal Monntam — From this 
bnef summary of the dissection of a dome we may 
conveniently pass to the study of Snowdon as a type of 
residual mountains of another character, but m many 
respects not unhke some of the Lake Distnct mountains 
Just as Dr Marr has interpreted for us the structure 
and the history of the Lake Distnct, so Prof Feam- 
sides has done for the mountains of North Wales 
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He has taught us the successive phases in the history of 
this interesting region In the three long penods of 
Older Palaeozoic time — the Cambnan, Ordovician, 
and Silunan — ^the building up of the material took 
place There are immense thicknesses of sedimentary 
rocks of Cambnan, Ordovician, and Silunan Age, and, in 
addition,there are volcanic rocks formed in the Ordovician 
period These include acid and intermediate lavas — 
rhyolites and andesites — and thick deposits of volcanic 
ash, of which a good example is the well-known fossili- 
ferous ash which forms the summit of Snowdon Most, 
if not all, of the volcanic rocks of the Snowdon distnct 
are of submanne ongin, and both beds of volcanic ash 
and lavas are interbedded with ordinary sediments. 
These Older Palaeozoic penods were, so far as North 
Wales IS concerned, practically one long manne epoch 
when immense thicknesses of their rocks were laid 
down 

The second phase m the history of Snowdonia began 
at the end of Silunan or in early Devonian time The 
formation of the folded Caledonian Alps in the Devonian 
continent has already been mentioned The modern 
Alpine ranges have their fnnging-ranges or foreland 
mountains, such as, for example, the Jura , so the 
Caledonian range of Devonian times had its foreland 
mountains Such a " Jura range ” seems to have ex- 
tended along a line through Anglesey and the Southern 
Lake Distnct The production of this foreland range 
included what is termed the regional folding of the 
rocks of Snowdonia This sub-stage was followed, 
probably m later Devonian time, by intense local fold- 
ing, including much compression and faulting Taking 
these two correlated processes, regional folding and 
local crumpling, as one great compound phase, it may 
be said that in the Devonian penod the larger anticlines 
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and syncbnes of the region were produced, m addition 
to those local changes, such as the production of slaty 
cleavage in the fine-grained sediments of North Wales 
In this immediate study it is important to realise that 
one broad and shallow synclinal fold included what is 
now Snowdon Mountain with its sedimentary and 
igneous rocks 

The last stage in the production of the mountain 
system as it now exists was, of course, the dissection 
and partial destruction of the uphfted and folded rocks 
Much of the history of this stage is still obscure Dunng 
the vast time which has elapsed since the dawm of the 



Fig 13 — A Diagrammatic Section across the Rocks ok 
Snowdon to show that it is a “Residual Mountain,” 

RESULTING FROM THE LONG CONTINUED DENUDATION OF A 

Series of Lowfr Palaeozoic Rocks 

A Beds of volcanic Ash, containing fossils B Acid lavas C Gnt 
beds D Slates The whole shown quite diagrammatical! v 

Carboniferous period, the region now under discussion 
has been subject to many vicissitudes Possibly the 
whole of North Wales was covered by the widespread 
upper Cretaceous sea, but this is by no means uni 
'versally accepted It is sufiicient to say that erosion 
and denudation, including the erosive w^ork of ice in 
the glacial penod, have removed vast quantities of 
matenal, and have cut deep into the onginal system 
Snowdon itself remains a magnificent monument of 
these vanous stages, a residual mountain carved out of 
folded and faulted aqueous and igneous rocks belongin<^ 
to ancient geological penods A diagrammatic section 
of the rocks of Snowdon may render the structme and 
history clearer {see Fig 13) 

7 
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A modern foreland range clearly offers the same kind 
of opportunity for the forces of erosion and denudation 
The Jura of the Franco-Swiss border has been already 
mentioned as a type of a foreland range As may be 
expected, it is alreadj^ deeply dissected, and the traveller, 
by rail from Dole, through Pontarlier to Lausanne, sees 
many a reminder that, in this younger range, mountains 
of denudation are being formed The Jura range is in 
a much less advanced stage than the much worn 
Snowdon range 

We may include here a bnef descnption of Escarp- 
ments, \vith some account of their further dissection 
Escarpments are often produced bj^ the denudation of 
stratified rocks which form one hmb or slope of either 
a simple anticline or a synclme Some of the most 
famous examples have been produced in folds of a broad 
and shallow character, and similar results may follow 
where honzontal strata, over a wide stretch of country, 
have received a distinct tilt in one definite direction 
An escarpment ma}^ be defined as the boundarj’^ ndge 
or inland cliff of a formation, foUowng the hne of stnke 
of the strata It is clear that escarpments ma}’’ exist 
in honzontal strata, but the more stnlang cases occur in 
formations where the beds have a low dip , in these cases 
there is a " scarp ” edge or chff facing in one direction 
and a gently inclined dip-slope in the direction at 
right-angles to the hne of the escarpment The reader 
may refer again to Figs 5 and 6, shovnng the Jurassic 
limestone and chalk escarpments of middle England and 
the chalk escarpments of the North and South Downs 

The senes of escarpments in eastern France is worth 
more than a passing mention, as the whole sj^stem 
illustrates remarkably well the denudation of a region 
consisting of alternations of hard and soft stratified 
rocks succeeding each other regularly, and having a low 
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dip The traveller from the Zabem Gate (north of the 
\^o5ges) to Pans passes over three well-defined escarp- 
ments, separated by belts of lowland formed of less- 
resistant strata 

(i) The Jurassic escarpment of the upper Meuse region 
and the Plateau de Langres 



IiG 14 — A Diagram Map of thl Paris Basin to 
SHOW ITS Structure 

The uider “basin” is surrounded b) a number of blocks of much older 
Rocks The Tertiary (inner) “basin” is surrounded b> Mesozoic 
Rocks {See the section, Fig 15 ) 

(2) The chalk escarpment of the Argonne and the 

Champagne 

(3) The Tertiar}^ escarpment of the Soissonais and the 

Laonnais nearer to Pans 
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Ihe nvers converging on Pans flow across these 
terrains as dip-slope streams Beginning on the high 
ground of the Plateau de Langres they flow down its 
gentle slopes towards the north until the sharp cliffs of 
the chalk Argonne are reached The nvers cut through 
this in defiles which have been famous in all the wars 
which have had Pans as their objective After passing 
the chalk region, the converging nvers cut through the 
Tertiary limestones by such gaps as the famous one at 
Soissons Thus the whole country has been dissected 



Fig is — A Diagrammatic Section from N W to S E , from 
T iir Paris Pasin to the Rfgion be\ond the Jurassic 
Limestone Platfau, and through the Serifs of Famous 
Lscarpments 

into a senes of blocks having on the whole, a gentle tilt 
towards the north-west Pans is the natural focus of 
these lands 

The English North Downs are cut through by the 
Wey, Mole, and Medway , the Thames has cut through 
the chalk at Gonng and Maidenhead, thus separating 
the Chilterns from the Berlcshire Downs , and there are 
numerous old valleys through the Chiltems, dry valleys 
or '■ wind-gaps,” through which the railway routes from 
the plains beyond the escarpments converge on London 
The plateau of the Swabian Jura, already referred to 
in this chapter, is a very gently sloping dip-slope, wluch 
has its escarpment or inland cliff edge facing Stuttgart, 
and the valley of the Neckar to the north-west The 
dip-slope is towards Ulm and the upper Danube Valley 
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The Dissection of Alpine Mountain Ranges. — From 
the study of the dissection of Alpine forelands and some 
escarpments of Alpine ongin we may pass naturally to 
the dissection of Alpine mountains themselves The 
structure and ongin of these complex mountain 
systems have been discussed in Chapter IV It only 
remains, in this chapter, to emphasise that most of the 
prominent mountain peaks " of an Alpine system are 
true residual mountains To repeat what was said in 
the earlier chapter, the forces of erosion are particularly 
active and dissection proceeds very rapidly Hence the 
ranges are being cut up into the sierra-hke form that is 
charactenstic of these mountain systems For example, 
the famous Aigmlles of the Mont Blanc group are 
obviously dissected pinnacles carved out of a mighty 
complex When the great Alpine investigator, de 
Saussure, first saw the residual fragments of Mesozoic 
strata overlying the older rocks in the middle of the 
' range, and reahsed that these newer rocks had once been 
continuous from one side of the mighty range to the 
other, he caught probably the first glimpse of the im- 
portant part played by erosion and denudation in the 
production of a sierra-hke folded mountain range 
The Production of a Peneplane — If we imagine the 
denudation of a mountain range of any type to be con- 
tinued sufficiently long, it is conceivable that the rivers 
may finally carry away the gradually dwindling moun- 
tains of denudation until a wom-down, fairly even surface 
IS produced, with a gradual slope towards the sea Such 
a final result was termed a Peneplain by Prof W M 
Da\us, of Harvard, USA Following a suggestion by 
Prof J W Gregory w^e use the modified form, 

Most of Finland has already reached that stage , 


another example is the surface of the Arrhjean^^j\ni/^-v^ 
north of the St Lawrence, the LaufsntMi^^teau 
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some writers As already mentioned, these particular 
peneplanes are final stages in the weanng-down of 
Alpine mountain ranges It is a disputed question 
whether any subaenal peneplanes exist in Bntain The 
late Mr Jukes-Browne even doubted their possibility, 
and considered any planes which had been produced as 
due to marine denudation 

The Highlands of Scotland — ^This deeply dissected 
region consists of a plateau or an old peneplane cut up 
by a network of nver-glens There is nothing even 
remotely resembling a mountain chain The abundant 
rain of this western edge of the continent has long 
supplied water for the countless rapid streams These 
torrents flow through the deep and narrow glens, which 
may have been largely initiated by faulting, but which 
have been afterwards cut down by frost and nvers, and 
largely modified by ice-action dunng the glacial penod 
The immense folds and faults of the once great Alpine 
system are but faintly reflected in the present topography 
of this interesting region 

From the study of these various examples it is seen 
how Alpine - mountains, block - mountains, plateaux, 
mountains of accumulation, and the vanous sub-types of 
residual mountains are all intimately connected, and that 
the study of one form is bound up with that of others 
For purposes of descnption we find it convenient to use 
the different names, and it is necessary, in our investiga- 
tions, to consider somewhat extreme examples When 
we apply the knowledge gained from the study of ex- 
treme types to the general study of the earth’s surface, 
we are at once struck with the frequency with which 
mixed or transition types occur To attempt to classify 
rigidly, and to place the different mountam-forms in 
sharply defined classes is contrary to the true spirit of 
science 
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We wall conclude this chapter by quoting a translation 
of the final paragraph from the late Prof A de Lap- 
parent's Legons de Geogjaphte Physique, a work to which 
all students of Geography stand indebted We shall 
not carry further our rapid review of different types 
of mountains , stating yet again that our object was not 
to estabhsh a systematic classification, but rather to 
show how great was the vanety of mountain tj^pes, 
and to indicate, whenever it was possible, the precise 
relations which must always exist between the geo- 
graphical aspect and the geological conditions ” 
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LAND-FORMS PLAINS 

Plains are areas with a fairly even surface and not very 
far above sea-level A large and even surface raised 
considerably above sea-level and above the surrounding 
land IS better treated as a plateau, though it is not 
always easy to decide whether a given region should be 
classed as a plain or plateau Professor J W Gregory 
divides plains into four groups, two of denudation and 
two of deposition 

1 Peneplanes have been produced by the planing 
down of a country by subaenal erosion and nver 
denudation They have already been mentioned in the 
preceding chapter 

2 Plains of manne denudation have been formed by 
the planing action of the surf attacking the coasts By 
the cutting away of the chffs dunng storms and at high 
tides, and the planing down of the belt of land between 
high and low tides into an even surface, the plain of 
manne denudation gradually extends back into the 
land 

3 Alluvial plains or plains of nver deposit The 
matenal is brought down from the higher parts of the 
nver and is deposited when the water of the nver begins 
to flow more slowly The nver gradually raises its bed, 
then breaks through its banks, and by continually 
changing its direction gradually makes a plain of 
deposited matenal 
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4 Coastal plains of deposition which occur on some 
of the continental margins They are formed by the 
deposition of matenal in shallow water, and are sub- 
manne plains of deposit, which have been raised by 
subsequent uplift above the sea-level 
So many plains combine the charactenstics of at 
least two of the above that we shall study them geo- 
graphically rather than m genetic groups, at the same 
time making some mention of what is kno^vn concerning 
their mode of formation The emphasis may, however, 
in this book, nghtly be on the geographical rather than 
on the genetic point of view 
It IS obvious that plains will not usuall}^ reveal so 
much of their underl3ang structure and ongin as do 
other land-forms The surface, and a very little depth 
below, IS all that is exposed in many cases, except in 
nver cuttings and in cliffs where the sea has cut into 
the rocks of the plain We owe to occasional bonngs 
for water, salt, petroleum, and coal, much of our know- 
ledge of the underlying rocks 
We shall discuss, in the first place, some of the 
greater plains of the world 

Plams of Eurasia — The Great European Plain, — 
In this is included the great plain stretching across 
Europe from the low chalk “ hills ” and chalk cliffs of 
north-eastern France and the chalk hills of eastern 
England to the Arctic Ocean, the Urals, and the Caucasus, 
and including those submerged parts, the North Sea, 
most of the Baltic, and the X^Hiite Sea This 
plain IS obviously of great importance in European 
geography and is worth somewhat extended study 
From it we may readily illustrate some important 
general pnnciples Its western part, from the south- 
western comer of the North Sea to the nver Niemen, i 5 
mainly covered with Pleistocene deposits — ^nver ailu- 
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vmm, blown sands, glacial deposits, and peat The 
wider eastern part, in Russia, is somewhat different, 
and consists of Cainozoic, Mesozoic, and Palaeozoic rocks 
more or less covered by glacial beds, modified loess, or 
steppe sands and dust The great plam is thus divided 
mto western and eastern parts the western we may 
call the Netherlands- Germanic plam, the eastern part 
IS the Russian plain These greater divisions are 
capable of subdivision mto lesser regions, each with its 
peculiar characteristics 

Flanders. — ^The famous plain of Flanders extends 
from near Cape Gris Nez to the mouth of the Scheldt 
The surface is sea-mud and sand and river alluvium, 
under which are clays and sands of Tertiary age If the 
soil and subsoil are clayey, the land is extremely fertile, 
as, for example, the nch lands round Ypres , but if it 
is sandy it is not nearly so fertile, as may be seen in the 
comparatively barren land between Ghent and Bruges 
The part of the plain between Bruges and Antwerp is a 
region with sand at the surface, but underneath is Tertiary 
clay, which keeps the land moist Long-continued deep 
ploughing has brought up much of this clay subsoil and 
mixed it with the sand, making this region of Wass or 
Waes one of the fertile parts of Flanders Along the 
coast from Dunkirk to the mouth of the Scheldt are sand 
dunes, where the contest between the sea and the 
land IS still going on Behind the sand dunes are 
lagoons, the “ wadden ” of the Flemish 

The Netherlands — Eastward of the Scheldt estuary 
IS a somewhat new type, the low country far excellence , 
it IS chiefly the delta of the Rhine and Meuse Here 
still continues the battle between nvers, winds, and 
sea, but to explain the present conformation we have 
also to call in the work of ice in the Pleistocene glacial 
epoch Along the almost straight coast of North 
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Western Holland are sand dunes, which, near Haarlem, 
are three miles in width These are the work of the 
wind, which dnves them farther and farther inland, 
leaving the now unprotected coast to the ravages of the 
waves, but their landward progress has now been some- 
what arrested by the planting of bent-grass," the long 
roots of which bind the sand Inside the dunes is the 
vanable belt of wadden and farther inland the great area 
which was once marsh land This lowland country reaches 
25 miles in width, and extends along the bante of the 
distnbutanes of the Rhine The Rhine mud has been 
deposited here through long ages, the nvers have raised 
their beds, and man has been compelled to confine 
them in well-defined channels by a magnificent system 
of dykes The marshy meadows of this country have 
their surplus water pumped out, formerly chiefly by 
wmdmills ^ Beyond the low marsh country, and farther 
inland, there is a quite different belt, the Campme of 
Belgium and the Geest of Holland This is dry, sand5^ 
mfertile, and very thinly peopled It is mainly covered 
with bro^vn heath through which little mounds of sand 
protrude It is over 300 feet m height m the east of the 
Veluwe or Bad Island of Holland This interruption in 
the flat land is due to the meltmg ice of the great ice age 
The borders of the Scandmavian ice reached this region, 
and the waters of the meltmg ice spread out here grit 
and pebbles from Scandmavia The Rhine drainage 
was also bnngmg down its alluvium and throwmg it 
against this northern drift Thus was formed the 
mixture of enormous masses of stones, mud, and sand, 
found m the moimds of this mfertile Campme and Geest 

The sea broke through the eastern cordon of dunes m 
the thirteenth century, and converted the old Lake 

^ Windmills ha\e been largely replaced by oil dn\en pumping 
machinery 
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Flavo mto the immense Zuyder Zee, thus extending a 
re-conquest which the sea had been making for some 
time Before the beginning of the glacial penod the 
Rhine seems to have flowed northward over an old 
land and emptied itself somewhere between the Dogger 
Bank and Denmark Since that time, and after the 
disappearance of the North Sea ice-sheet, the sea, aided 
by a general sinking of the land, has recovered much 
of its lost terntoiy 

The plains of Flanders and the Netherlands are thus 
the work of winds, nvers, glaciers, and the sea, com- 
bined with sinking of the land since the glacial penod 

From the Zuyder Zee to the Mouth of the Elbe — 
The types found in the Netherlands are, on the whole, 
continued to the Elbe region — dunes, wadden, marsh 
land, and heath , excepting that not much of the marsh 
land IS below sea-level, and dykes are consequently not so 
numerous The Campine type of country does not nse 
to so great an altitude as in the Veluwe of Holland . it is 
here a flat, barren land The alluvium of the Ems and 
the Weser is spread over the lowlands The hne of dunes 
IS on the Fnsian Islands — ^long, low islands having their 
axes parallel to the coast , and the wadden are represented 
by the narrow belt of sea between the islands and the 
mainland There are immense areas of peaty marshes 
inland, that of Oldenburg being perhaps the best known 
The attacks of the sea, which formed the Zuyder Zee 
m the thirteenth century, also commenced the formation 
of the DoUart See and Jade Bay, and broke _through 
the dunes forming the long hne of islands ^ 

From the Mouth of the Elbe to the Memel — The 
coasts are now more cliff-like, and there is nothing 
quite like the wadden of the western parts of the 
great plain The glacial deposits corresponding to 
the Campme and Geest now increase in importance 

^ See B la^ 
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because of increasing thickness The most westerlj. 
and most important of these larger glacial moraines is 
the Luneberg Heath, on the south-west side of the 
Elbe, at the very begmning of this modified country, 
where sands are mixed with immense erratics, manj- of 
which axe of Scandinavian ongm This is the least 
fertile part of Germany, a land with a few scattered 
ivoods, and given over to the grazmg of sheep 
Farther east is a distinctly moramic land, with numer- 
ous glacial lakes, the whole lymg nearly parallel to the 
Baltic coast until the frontier of Russia is reached The 
Masurian Lakes m East Prussia are the most easterly 
part of this region Throughout the w^hole of this part 
of the plain the morainic “hills’" are comparatn elj 
infertile, while the “valleys” are covered with n\er 
alluvium, and are the granarj^ of this Prussian plam 
On the coast of the Baltic there has been some sinking 
of the land, and, on the other hand, the latter has been 
gaining on the sea by means of deposition As an 
example of the sinking, the Isle of Rugen is known to 
have been once part of the mainland The Frisches 
Haff, near Dantzig, w^as formed m 1510 by an mrush of 
the sea, probably due to sinking of the land In all 
probability the great Kunsches Haff was formed in the 
same w'ay The long spits of land, the nclu iings, are like 
sand dunes m their origin, and are formed b}^ the w^csterly 
winds bloivmg the sand into long extended dunes 
From the cliffs of Calais to the eastern end of the 
Masurian Lakes almost the whole plain is co\ered with 
Pleistocene deposits, except where, m a verj" few 
localities, strata older than the Pleistocene are seen at 
the surface, these usually havmg been exposed bj the 
n\ers cutting through the newer strata and thus re 
scaling the older beds Verx’’ little is known of the 
strata below the Pleistocene beds Borings ha\e 
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revealed Tertiary strata here and Mesozoic strata there, 
containing deposits of common salt and gypsum, while, 
m the Campine of Belgium, coal-beds have been reached 

The Russian Plain and its Divisions — ^Almost the 
whole of European Russia is a great plam i From 
the Arctic Sea to the Black Sea, from Finland to 
the Caucasus, and from the Baltic to the Urals, the 
country is one vast expanse of relatively flat land The 
so-called Valdai Hills nse to only iioo feet above sea- 
level , they are the highest part of the very shghtly 
elevated plain, a very tnfling swelhng m an almost 
illimitable stretch of flat country In other respects 
the land is quite unique 

The geological map shows Mesozoic and Palasozoic 
rocks with a comparatively small area of manne and 
lacustnne Tertiary and Pleistocene strata m the south- 
east, with glacial deposits over a large part of Northern 
Russia 

Under the modem deposits is the Russian Platform of 
ancient rocks, one of the most stable parts of the earth’s 
crust Some parts are covered by sediments as old as 
the Silunan penod, which are here honzontal, having 
been very little disturbed throughout the long penods 
which have seen folds and crast-block disturbances in 
other parts of the world Long-continued erosion has 
planed down the land, and there have been few invasions 
of the sea over this vast terntory This, therefore, may 
be regarded as a great plain, levelled by erosion and 
denudation acting through very long geological ages 

There are three distinct sub-regions in the great 
plain outside Finland and the lake region generally, 
which has been mentioned already These are the 
Tundra, near the Arctic Sea, with the usual typical 

^ Which also includes Estonia, Latvia, Lithuania, and Eastern 
Poland 



PLAINS 


III 


character of these marshy, icebound plains , next an 
immense zone covered by Pleistocene glacial deposits, 
now a land of marshes and of forests , and finally, the 
great grass region of the south and south-east, beyond 
the limits of former ice action , this extends to the 
Black Sea and the Caspian These owe their different 
charactenstics chiefly to differences in climate and, in a 
lesser degree, to differences m the nature of their super- 
ficial deposits 

The Tundra — ^These icy plains extend from Archangel 
eastward over the low Timan range to the slopes of 
the Urals and southward to the zone of coniferous 
forests The cold of TOnter is intense, and the atmo- 
sphere is very dry Precipitation — chiefly snowfall — is 
consequently slight The vegetation consists of lichens 
and mosses and a few heath plants, forest trees being 
absent, except m a few of the more favoured regions 
The ground is perpetually frozen to a considerable 
depth, and the rivers are ice-bound for more than half 
the year The frozen deltas compel the rivers to over- 
flow m the early summer, and then their alluvium is 
spread over the country to be frozen m with the general 
mass m the next ^vmter The Tundra plains are allu^nal 
plams, vnth a surface largely covered with icy marshes,” 
the whole, m the case of Russia, apparently restmg on 
a platform of Palseozoic and Mesozoic rocks 

The Middle Plain of Russia — ^This is distinguished 
from the other elements of the Russian plain by the 
frequent presence of erratics and other glacial de- 
posits, thus making it m some respects like the plam of 
North German)^ Glacial deposits reach a thickness of 
650 feet m Poland The topography is remarkabl} 
uniform, the rivers form marshy extensions, and the 
slopes of the slightly higher ground are covered with 
immense forests, coniferous m the northern part, and 
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deciduous trees in the southern part The remarkable 
character of the drainage is seen from the fact that the 
average fall of the Volga is i m 10,000 , one of its tnbu- 
tanes receives some of its water from vnthin 100 
miles of Lake Ladoga The famous marshes of the 
Pnpet are to some extent the counterpart of the marshy 
region of Masuna in East Prussia This once glaciated 
plain has a substratum of Palieozoic and Mesozoic 
rocks, which are brought to hght in the deeper cuttings 
cf the nvers It is a second part of the plain of the 
Russian platform 

The Prairie-Steppe Region of the South and East 
— ^Tlus region outside the glaciated zone is divisible 
into two sub-regions, depending mainly upon chmatic 
differences , these are the country of the Tchemozoum 
or the Black Earth region, and the steppe land of the 
south and south-east The surface deposits of tne 
Black Earth zone are loess-hke loam, probably formed 
in part like the loess of China, and partly by sands and 
muds brought by the nvers from the glaciated region 
This mixture of sands and clays formed a suitable terrain 
in which herbaceous plants grew rapidly, and the 
intermingling of the decayed vegetation with the 
alluvial, glacial, and ffiohan deposits has produced the 
fertile soil of this well-known region 

The Black Eaith zone extends from the south- 
western parts of the Russian platform, from what 
Dr Mill calls '' Carpathia " to the Urals, the northern 
Boundary being roughly from about lat 54° in the south- 
west to lat 57° in the north-east The southern 
boundary is not so well defined, but dovetails into the 
steppe The whole area is at least two and a half times 
the size of Great Britain It is distinguished by the 
remarkable fertihty of its soil , lucerne, wheat, beetroot, 
and, in the extreme south, maize doing remarkably 
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well The grass praines and steppes are south and 
south-east of the Black Earth region The rainfall 
diminishes towards the south-east until in the lowlands 
adjoining the Caspian there is a fall of about six inches 
a year, compared with sixteen inches at Odessa, and 
twenty-one inches at Kiev 

But the difference between the Black Earth region 
and the steppe is not simply one of present differences 
of rainfall In recent geological times a sea occupied 
the region east of the Don , the soil, therefore, is too 
salty for nch growth, and this, combined with the 
low rainfall, produces the true steppes of the Don and the 
lower Volga The sea extended from the Black Sea 
through the Llanych depression to the Caspian and 
northwards, where it probably had a connection with 
the Arctic Sea through the Ob Valley 

The great Russian plaan is thus an old platform of 
long - continued denudation, lowered by earth -mo\e- 
ments, and covered by glacial, nver, sea, and wind-borne 
deposits, in places mingled with much vegetable debns, 
the whole now having differences in chmate sufficient 
to divide it into well-defined regions 

The Plains of Western Siberia — From the steeper 
eastern slopes of the Urals to the Yenisei there is a 
vast plain similar to that of European Russia The 
northern part is an immense area of tundra which 
stretches without interruption from the estuary of the 
Ob to that of the Yenisei Eight long winter months 
seal up the land Then, with the coming of spnng, the 
nvers, flowing from the south, overflow the ice-locked 
northern plains, and, as in Europe, only on a greater 
scale, nver alluvium is spread over the land to be 
frozen in by the next long winter's frost South of tins 
IS the great forest zone, which, north of Tobolsk, is a 
land of marshes and thick forests This was not 
8 
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glaciated like the middle region of European Russia, 
but is mainly covered with Pleistocene fresh-water 
deposits In the south is a black-earth region, where 
wind-bome sand and loam, mixed with vegetable debns, 
have accumulated since the Miocene penod, when the 
arm of the great sea left it 

This great West Sibenan plain is one of the most 
level plains lcno^vn For over looo miles m each 
direction there is no part more than 600 feet above 
sea-level The basis of this vast plain had been 
levelled by denudation dunng the long eras from 
the Carboniferous penod to the beginning of the Ter- 
tiary The Tertiary and Pleistocene seas and lakes 
have filled up some of the inequahties, and the nvers 
have continued the leveUing process, producing the 
apparently illimitable expanse of plain wluch the 
Trans-Siberian Railway crosses after leaving the Urals 

The Aralo-Caspian Depression — Tlus is the greatest 
region of its land on the earth’s surface , a good deal 
of it IS below the level of the surface of the nearest 
ocean It was formerly occupied by the sea which 
extended westward through the Manych depression 
to the Black Sea and northward to the Ob basin and 
the Arctic The region north of the Aral Sea is now 
dotted over with lakes without outlet The Caspian 
formerly had a great extension from east to west , its 
north to south extension is now much the greater The 
Aral was once much larger than it is now, and probably 
extended westward along the Sarakamych depression, 
which IS even lower than the Caspian Sea This de- 
pression IS now occupied by brackish lakes The whole 
region is probably one of gradually diminishing rainfall, 
and the steppes and deserts are of comparatively modem 
ongin The nvers which come from the great Thian- 
Shan, Hmdu Kush, and Khorassan ranges bring down 
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immense quantities of glacial debns and nver muds and 
sands, but as many of these nvers are lost in the desert, 
and only the Syr Dana and Amu Dana reacli the Sea of 
Aral through courses which are continually changing, 
the amount of dnft being spread over the plain must be 
\cry considerable Some of this dnft must have 
pd*^sed through three phases — ^glaciation, then nver 
transportation, and finally it is blown by the vinds 
dunng the sand-storms so frequent m the region The 
names of the “sand-deserts"" are significant, the 
Kara Kum or Black Sands m the northern part, the 
Kisil Kum or Red Sands between the two great 
nvers, and the Ak Kum or White Sands north of 
the great Thian Shan range The Turkoman Desert 
lies between the southern end of the Aral Sea and 
the Caspian , the extreme north of the depression, 
w^iere desert passes into steppe, is the famous Kirghiz 
Steppe 

In a measure the four great plains — North German 
Lowlands, Russia Western Sibena, and Aralo-Caspian^ — 
are part of one great earth region, and have much in 
common They are vast sunken parts of the earth"s 
crust, where erosion and denudation have been at 
work for long penods of geological time , afterwards, in 
later Tertiary and Pleistocene times, that is, m quite 
recent geological penods, they have been covered m 
varying degree with deposits of nvers, seas, glaciers, 
and wind, these deposits bemg often intermingled and 
o\er]apping, and producing special conditions m com- 
paratively hmited regions These great plains are often 
spoken of as the Great Eurasian Plain by geographers, 
and there is justification for tins in the fact that the 
plain IS continuous from the Wash to the Yenisei, from 
the White Sea to the southern desert of Turkestan, with 
only the very minor break of the low Urals and their 
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branch, the Timan range, and the small Ust Urt plateau 
between the Aral and the Caspian Seas 

The Great Plam of North America — ^The build of 
North Amenca is comparatively simple It consists 
of four chief elements (a) Long hnes of younger 
fold-mountains in the west, with the crust-blocks between 
them , (6) the older and lower Atlantic mountains 

in the east , (c) between these the great plains 

stretching from the Arctic Ocean to the imdland sea 
in the south , and {d) the Atlantic coastal plain ^ The 
great medial plain, or senes of plains, illustrates some 
general pnnciples very well, and the study of them may 
well follow that of the great plains of the old world We 
may consider five divisions, though here, as always, 
they often grade into each other — the Gulf Plain in 
the south, the praines in the middle of the continent, 
the great plains or great plateaux reaching to the foot 
of the Rocky Mountains, the sub-Arctic Forest Plains, 
and the Arctic Tundra in the far north 

Considenng these plains as a whole, it may be said 
that between the older Highlands of the east and the 
newer Highlands of tlie west there seems to be a very 
great and shallow syncline, in which Palaeozoic and 
Mesozoic rocks lie fairly honzontally The far north 
— round Hudson Bay — is an Archaean land and, in many 
respects, is somewhat like Finland , the far south, along 
the border of the Gulf of Mexico, and some distance up 
the vailey of the Mississippi, is a region of Pleistocene 
and Tertiary deposits The region round the great lakes, 
though it lies between the north-eastern praines and the 
low plains round Hudson Bay, and though it has been 
named the Plain of the Great Lakes, is not so much a 
plam as a dissected Archaean plateau 

^ Many would add a fifth element, the Canadian Shield oi 
Laurentian Shield 
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This vast continental basin embraces about three- 
fifths of North America , it contams most of the drainage 
areas of the Mississippi-Missoun system, the nvers which 
dram to Hudson Bay and the great Mackenzie system 
of the far north It is possible to pass from the Arctic 
Sea to the Gulf of Mexico %vithout nsing to 1000 
feet, though much of the continental basin reaches far 
above that level Still there is remarkable general 
evenness of surface and of structure, the only exceptions 
to the real 'plain character being the Lake Plateau, the 
Black Hills of Dakota, and the Ozark Mountains between 
the Kansas and Arkansas Rivers 

The vanous sections of the great basin have character- 
istics dependent upon the local nature of the deposits 
and upon chmate, many of the considerations being the 
same as in the case of the Eurasian plains Tlie Gulf 
Plains have a basis of Tertiary strata, for the sea in- 
vaded the region as far as St Louis in Phocene times 
A Pleistocene marine invasion has also spread its 
sediments over large parts of the plain IMuch of the 
surface of the lower Mississippi basin is mainly covered 
by the alluvium of the great nver, which frequently 
overflows its banks This nver and its tnbutanes have 
deposited immense quantities of silt, and have changed 
their courses very frequently, hence there are plent}^ of 
cut-off lakes and marshes, in which vegetation grows to 
intermingle its organic residue with the alluvium of the 
plains Sir Charles Lyell made the lower basin of the 
Mississippi known for all time by his clear descnption of 
the curves of the nver, its crescentic cut-off portions 
(now called Ox-boivs), its raised banks or levees, the 
swamps adjoining the nver, and the structure of the 
great delta 

The Gulf Plains are the home of the southern pine, 
which forms the basis of an important industry Many 
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other timber trees are also found there, and, before the 
advent of man, large parts of it were clothed with such a 
dense forest of trees and of creepers as to be practically 
impenetrable It is now a region well adapted for the 
cultivation of maize, cotton, nee, and the sugar-cane 
The Prairie Plains — These stretch from Texas to 
the Great Lakes and northwards through Minnesota 
into Canada For looo miles one may travel north- 
wards over these gently rolhng fertile lands, which 
are 800 miles in width in the central part, and cover in 
all nearly half a million square imles, or four times the 
area of the Bntish Isles Throughout almost all their 
vast extent the underlying rocks are horizontal sand- 
stones and limestones The deposits of an ancient sea 
have been raised with slight disturbance into the 
almost flat praine, the local variations of which are 
largely due to vanable rock erosion, and especially 
to the work of streams which have cut deep valleys 111 
the easily eroded strata A new factor was introduced 
into the character of the praine north of the Ohio 
River dunng the glacial penod, for glacial ice, with its 
underflow of sub-glacial streams and its outflow of silt- 
laden water at the ice margin, has spread over the 
praine deposits of glacial clay, sand, and gravel, and left 
huge morainic mounds and mynads of erratics here and 
there The praines are thus somewhat hke middle Russia, 
and the subsoil of the praine south of the ice margin 
IS often much hke the Tchemozoum of Russia, black 
and wonderfully fertile The North Amencan praine 
must be traced far into Canada, however, before we find 
the real counterpart of the mid-Russian plain, where 
the sub-Arctic forest plain, with its pnmeval forest and 
its marsh, forms another division of the Great Con- 
tinental Plain 

The Great Praine Plains are now the lands of cotton 
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m the south, maize m the centre, and of ^^heat in the 
north The prairie region of i\Imnesota, Dakota, and 
Jlanitoba to-day forms one of the great ^vheat areas of 
the world 

The Great Plateaux — ^These have been mentioned 
already (Chapter IV ) It may be added here that 
they extend from the praines of the central continental 
basin m a vast expanse to the foot of the RocLa 
Mountams They gradually rise from east to west 
imtil they reach nearly 6000 feet, but the ascent is 
so gradual that the aspect is one of almost unbroken 
monotony Too dry for much timber, and also some- 
what dry for maize and wheat, these great plateaux are 
the great stock-rearmg regions of the contment These 
plains are largely occupied by Cretaceous deposits, though 
there are also large areas of Tertiary strata , through 
these the eastward Solving nvers have cut their way, 
in some cases in deep channels, in others in ^vlde vallej's 
The most deeply dissected part is the plain of Texas 
where the nvers have cut cahon-hke gorges in the 
Cretaceous gnts and Tertiary sandstones of this dry 
region The Bad Lands " of Dakota already de- 
scnbed occur in the northern portion of the United 
States plateau The Great Plateaux extend into 
Canada, where the nvers flow hundreds of feet below 
the plateau surface, and hence are almost useless for 
imgation purposes This, therefore, is the stock- 
raising region, though an extension of wheat gro\ving is 
now in rapid progress 

The Sub-Arctic Forest Plain. — ^This spreads almost 
across the whole northern continental basin, from the 
Laurentian plateau to the base of the Rocky I\Iountains 
The change in condition from praine and dry plateau 
*0 sub-Arctic forest comes gradually, and is chiefly 
due to less evaporation and to the longer persistence of 
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water in the soil The influence of former ice-sheets is 
seen in the numerous swamps and lakes, and the whole 
region reminds one of the glaciated forest region of 
mid-Russia 

The Tundra — In North Amenca, as in Russia, the 
tundra succeeds the forest region It is a vast frozen 
morass, the vegetation of which is chiefly mosses and 
lichens, and in the short summer a luxunant carpet of 
flowenng plants springs up as by magic As m Sibena 
and European Russia the subsoil is permanently frozen 
to a considerable extent The nvers thaw in their upper 
reaches before the ice of the deltas and estuanes has 
melted, and there is then, as in Russia, overflowing and 
mingling of alluvium wth the black peaty soil, the 
whole to be frozen in as the next long ^vlnter sets in 

The Great Contmental Plams arc thus a vast sunken 
area, partly covered \wth Palasozoic, Mesozoic, and 
Tertiary sediments, which are on the whole remark- 
ably honzontal Newer deposits by sea, nvers, wind, 
ice, and vegetable grovdh have modified the funda- 
mental character of the region ]ust as in Russia The 
north to south extension, and the diminution of the 
rainfall towards the west until the Rocky Mountains 
are reached, allow the influence of chmate to reveal 
itself to a very tnarked degree 

The Plams of South Amenca — ^There is considerable 
similanty between the structure of North Amenca 
and South Amenca The southern continent, hke the 
northern, has a great senes of Pacific mountains m the 
west (younger folded mountains), and a senes of older 
highlands in the east, and between these a senes of 
vast plains The South Amencan continental plains 
may be divided into three regions* (i) The plain of 
the Onnoco , (2) the vast plams of the Amazon ; (3) 
the La Plata plains, including the Pampas 
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Tlie plain of the Orinoco is filled -nith sands, gravels, 
etc , recent nver deposits which rest on Tertiary marine 
strata The plains are called Llanos, grassy plains 
sloping gradually towards the sea, and dissected into 
mesas by the tnbutanes of the Onnoco Some parts 
of the plains are almost desert, but forest growths of 
tropical lowland t3;pe encroach on these grassy plains 
m the wetter regions 

The vast Amazonian Plain rests in a wide synchne, 
filled with Mesozoic and Tertiary deposits The rainfall 
IS very great, and the nver bnngs down heavy quantities 
of sediment The basin has thus been filled with nch 
alluvium on which grows the luxunant tropical vege- 
tation, fed by the abundant rams The great nver flows 
in wide-branching channels through its oivn deposits, in a 
plain which reaches to the very foot of the Andes The 
extent, and the level character of the plain, are shown 
by the position of Iquitos, 300 feet above sea -level, 
and 1400 miles from the mouth of the mighty nver 

The watershed between the Amazon basin and that 
of the La Plata is a very low one, comparable to that 
separating the Mississippi basin from the Hudson Bay 
drainage Immediately south of the watershed is the 
Gran Chaco, an immense plain where marshes and cut- 
off nvers abound This plain is divided into northern, 
central, and southern parts, each with its own pecuhanties 
of vegetation and drainage The tropical forest ceases 
here, and the steppe of the warm temperate region 
begins In the great La Plata depression are nver 
deposits, and a loam akin to loess, overlying Tertiary 
beds w'hich in their turn seem to he on a foundation of 
Archaean rocks The Pampas, south of the Gran 
Chaco, are immense plains with innumerable salt lakes, 
and nvers which often lose themselves in marshes or 
lagoons Some of the deposits of the plain were 
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])robably formed in a time of greater rainfall by rivers 
wliicli have now lost much of their power 

The Austrahan Plams — ^These are very similar in 
general character to the dner praines of North Amenca 
and the Pampas of South Amenca, and need not be 
further discussed here 

Some Intermont Plmns 

The Hungarian Plam — This plain lies within the 
curve of the folded Carpathians, and against the some- 
what abrupt termination of the expanded eastern 
Alps It IS clearly a depressed area, Math a senes of 
fracture-lines bounding its margins The extent to 
which sinking has taken place has been shown by a 
bonng near the Danube which passed through 3000 
feet of neMer strata before arn\ang at the floor of older 
rocks on which the deposits of the plain rest At the 
beginning of the Pliocene penod there \vas a sea covenng 
much of this area The sea was gradually filled up vath 
sediments until there v'ere left only brackish lakes, 
becoming more and more salty Salt deposits of Tertiary 
age are the result of this disappeanng sea Finally 
steppe conditions resulted, and deposits of loess alter- 
nated Math nver alluvium from the encirchng mountains 
and the dis'ant Alps 

There are tM'O plains, the lesser Alfold or basin of 
Vienna and the greater Alfold or Hunganan Plain 
The former contains immense deposits of gravels and 
sands brought doMm by the Danube, by the Raab from 
the Alps, and by the Carpathian Rivers The greater 
plain, the AKold proper, has Tertiary rocks underlying 
600 feet or so of Pleistocene nver alluvium and semi- 
desert loess In some parts, especially betM'een the 
nveis Danube and Theiss, there are shifting sand 
deposits 



PLAINS 


123 


The continued accumulation of sediment is seen in the 
pro\\Tng dykes which are necessary to contain the Theiss 
below Szegedm ^ The great Carpathian ri\er has a fall 
less than that of the Danube, hence, when the latter nses 
considerably, as the result of the melting of the Alpine 
snows, the Theiss is dammed back This may be 
accentuated by the flooding at the same time of its tw^o 
great lateral tnbutanes, the Samosh and the Korosh, 
which bnng down the flood waters and alluvium of the 
Carpathians and Transylvanian Alps These great tnbu- 
tanes with their rapid flow and their enormous bulk of 
sediment are pushing the Theiss westw^ard towards the 
Danube The nver has thus been dnven westw^ard for 
at least 6o miles TOthin the recent penod 

The typical Hunganan plains or pusstas have much 
of the true continental character of the Russian steppe 
More of the plain is being reclaimed for settled agn- 
culture, and fields of maize, wheat, and beet are in 
creasing in number at the expense of areas formerly 
given over to sheep, cattle, and the half-wild horses of 
the plain 

The Plain of Lombardy, — ^This is part of the sunken 
Adnatic Gulf, filled up by sediments denved from the 
erosion of the Alps In the Pliocene penod it was still 
occupied by the sea, and manne deposits of that penod 
are found at the foot of the Alps Glaciers and Alpine 
torrents have combined to fill up the shallowing sea, 
and have succeeded so w^ell that a bonng at Modena, 
6 miles south of the Po, passed through 600 feet of 
Alpine deposits The work of erosion and transporta- 
tion still goes on, and the alluvial deposits are rapidl}^ 
encroaclung on the Adriatic Sea Within histone 
times the deltas of the Po and Adige have added most 
of the lagoon-bordered land between Ra\cnna and 
^ Kou Szeged 
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the Gulf of Trieste The alluvial plain of the Po is 
thus similar to that of the Danube-Theiss , the former 
being of later origm however They are alike m being 
sunken areas filled in partly with manne sediments 
covered with vast deposits of nver-borne matenal, 
coming from mountains where erosion is proceeding 
at a rapid rate 

Alluvial Plams between Fold-Mountains and Crust- 
Blocks. — In many parts of the world, between Alpine 
mountains and resistant crust-blocks of older rocks, 
there are sunken areas which are now more or less 
filled with sediments denved mainly from the great 
mountain chains, partly from the worn edges of the crust- 
blocks Only a few examples of these obvious alluvial 
plains need be mentioned, but it will readily be seen 
that they include some of the most important and 
most fertile parts of the earth’s surface (a) The 
Plain of Andalusia, or the Valley of the Guadalquivir, 
in Spam, lies between the folded Sierra Nevada and 
the Sierra Morena, which is the dissected edge of the 
Meseta , this is a plam which, when properly irrigated, 
is of great fertility, though some portions of it are 
marshy and malarial , (&) the Valley of the Rlione 
between the lofty Alps and the Cevennes is very similar, 
but quite narrow, with a mountam extension from the 
Auvergne plateau commg to the right bank of the nver 
at Valence and for some distance south of that town , 
(c) the Great Plain or Valley of Mesopotamia,^ watered 
by the Euphrates and Tigris, seems to lie similarly 
between the younger Ime of the Zagros Mountams and 
the old block of Arabia The two great rivers formerly 
entered the Persian Gulf separately, but they now 
]oin and form the Chatt-el-Arab, which is pushmg its 
sediment mto the Persian Gulf just as the Po-Adige is 

^ Or Iraq 
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filling up the Adriatic At the beginning of the last 
century the delta had extended itself 2 miles in about 
forty years Within historic times it has encroached on 
the gulf about 600 miles (d) The Indo-Gangetic plam is 
one of the most important plains m the world, in parts 
it IS very thickly peopled, and is inhabited by at least 
200 milhons of people To the north of the Deccan plat- 
form lies the depression which is complementary to the 
great Himalayan fold The two great nver systems, 
the Indus and the Ganges, are continually bnngmg 
down enormous quantities of sediment Bonngs in the 
delta of the combined Ganges and Brahmaputra show 
nver deposits to a depth of 500 feet, and indicate the 
immense amount of deposition which has taken place 
in the trough between the young fold-mountains and the 
old resistant block of Peninsular India 
A Typical Coastal Plain — ^The North Amenca 
Atlantic Coastal Plain. — In eastern North Amenca 
there is a remarkable coastal plain extending from New 
York to the Gulf of Mexico, and this may be briefly 
studied as a typical example The loo-feet contour 
line IS approximately the landward boundary of this 
plain, and the numerous nvers from the Appalachians 
descend in waterfalls at this level to flow as navn 
gable nvers across the lowland ]\Iany of the rners 
form broad tidal estuanes At the faU-line limit 
there occurs a senes of well-known towns — Trenton, 
Philadelphia, Baltimore, Washington, Richmond, etc 
The plam continues beyond the shore line as a shelving 
coast for some distance outwards, until a sudden drop 
IS reached where the " continental shelf ” ends and the 
real Atlantic Ocean begins The submerged con- 
tinental shelf and the coastal plains may be regarded as 
parts of the same land-form 
The inland hmit of the coastal plam is a sharp 
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boundary line between older rocks and strata of late 
Mesozoic and Cainozoic age, which form the basis of the 
plain Restmg on these are alluvial deposits brought by 
the numerous rivers Under the shallow water of the 
contmental shelf are deposits of contmental origm, sand 
and clays chiefly Clays occur in plenty in the sub- 
merged estuaries which are continuations out to sea of 
those on land The whole structure tells of a sunken coast 
with drowned river- valleys now forming tidal estuaries 
The plain is mainly constructive m origin — that is, 
it IS formed of deposits, marme and alluvial, accordmg 
to circumstances, but there is little doubt that tidal 
erosion has also played a part in cutting back cliffs and 
planmg down the land, and so to a smaller degree the 
coastal plain is a plain of marine denudation 

BIBLIOGRAPHY 

Descriptions of the great plains of the world may be read 
in various books dealmg with the geography of special 
regions The following will be found useful 

" The Regions of the World ” Series, edited b}^ Sir H J 
Mackinder, published by Oxford University Press 
Central Europe, by Joseph Partsch, contams de- 
scriptions of the Netherlands-Germanic Plain, and 
the Danubian plams , The Nearer East, by D G 
Hogarth, may be consulted for the plains of Meso- 
potamia and Egypt , The Far East, by A Little, 
for the plams of China , and North America, by 
I C Russell, for both the Atlantic Coastal Plam 
and the great plains of the interior of the contment 
The Nearer East and The Far East are out of print, 
but may be seen at most good libraries 
The Continent of Europe L W Lyde Macmillan & Co 
May be consulted for all the European plams los 
Compendium of Geography and Travel Stanford 13 
volumes 15s each This large work contams the 
fullest description of the countries of the world that 
IS readily accessible to English readers 
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See also the Bibliography of Chapters I to V , also 
The Thirsty Em ill — E H Carrier Christophers — 
where the part played by irrigation in most of the 
%\orld*s plains is discussed 

Note on the Rece\mation of the Zuider Zee 

Dunng the past eight years the engineers of the ether- 
lands Government have been actively engaged in carrying 
out one of the most stupendous works which ha\e e\er 
been attempted in any part of the Great European Plain 
— a w ork w^hich wall possibly require thirty^ more years for 
its completion , this is the reclamation of nearly half of 
the Zuider Zee or South Sea that great shallow mland sea 
w Inch lies to the south of the Frisian Islands The Zuider Zee 
as w e know it to-da^ , is a feature of modem times In the 
Roman times there was a large fresh-water lake, called Lake 
Flavo bv Tacitus and Phny In the twelfth and the thir- 
teenth centunes, chiefly, there w ere years of high tides and 
storms, wuth north-westerly wands , the banks were broken 
and large areas were engulfed, until b} about i^joo a d the 
Sea had taken on much of its present form and extent 

The Zuider Zee of our day is about 85 miles long, with a 
maMmum wudth of 45 miles, and covers an area of a little 
o\cr 2000 square miles The Dutch engineers aimed to 
reclaim about S50 square miles, or nearly half the present 
area , the reclaimed area is a little larger than Leicestershire 
V mam dilcc or embankment, fitted with the necessary 
sluices and locks, will extend across the opening from the 
island of \\icnngcn to the Frisian coast, almost midway 
between Maklvum and \Aorkhum Four separate polders 
will be enclosed, named respective!} nortli-west, south- 
west, south-east, and north-east, and in the middle there 
will be left an estuarine lake, Yssel ]\Ieer, into which the 
rner Yssel, one of the old mouths of the Rhine delta 
s}stcm will discharge itself 

\\ ork on the scheme proceeded vigorously since 1925, and 
the dike was opened for traffic in September 1933 In all 
it is about 26 miles long and carries a cement road, a bic} cle 
trick, and has room for a double track railway There are 
ten drainage sluices and two locks, each of which allow'S 
ships up to 2000 tons to pass through to Yssel Meer 
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LAND-FORMS VALLEYS AND BASINS 

Valleys arc of great vanety of form and ongm, but, 
broadly speaking, it is convenient to divide them into 
two great classes — ^Tectonic Valleys, which are immedia- 
tely due to movements in the earth’s crust, and Erosion 
Valleys It is quite possible, indeed it is highly probable, 
that many valleys which are regarded as vallej^ of 
erosion are partly tectonic In this respect valleys are 
quite like other earth-features, difficult to classify 
rigidly 

Tectonic Valleys 

These may be divided into two sub-classes {a) 
Valleys m downfolds of roclvs, or Synchnal Valleys , 
and (6) Fault and Rift Valleys 

Synclinal or Downfold Valleys — It has already been 
stated that the earth’s crust has been thrown, m many 
regions, into a series of folds, trough-folds or synchnes 
and arch-folds or anticlines, and examples of these 
have been mentioned It is obvious that m a senes of 
such folds the synchnes must tend to form valleys, and 
many such valleys are seen in different parts of the 
world 

The syncline of the Cretaceous and Tertiary rocks of 
the London basin was mentioned in Chapter IV. 
This basin is often described as the lower Thames 
Valley, though perhaps, in ordinary language, the two 

laS 
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names do not connote quite the same thing , the basin 
IS probably usually considered to be more extensive than 
the vallej^ and to include it 

There are many such synclinal basms, but it is not 
always the case that a river runs for a considerable 
distance along the * ‘ axis ” of the do\vnfold as the Thames 
does from Readmg to the sea The foUowmg are British 
instances where the rivers do flow axiaUy The Vale of 
Pickering is a very shallow basm, extending from east to 
vest between the Howardian Hills, the Wolds, and the 
Tabular Hills of the North York moors The Lanca- 
shire Calder, from Colne to the WTialley Gap, has the 
mam stream flowmg along the S3mcline of the Burnley 
coal-field The valley of the Frome m Somersetshire 
IS another example The valley or basm of the Ebro 
(or the Aragon depression) m Spam is a synclmal basm 
of Mesozoic and Tertiary strata The depression is 
bordered on the south-east by the Catalonian Mountams, 
through which the Ebro has cut its way m a fine trans- 
\ ersc gorge 

A longitudinal valley-basm extends between the two 
chains of the Atlas, which is apparently of the same 
tjqie as the Upper Rhone and Vorder Rhine valleys 
between the middle and northern Alps This long 
valley system contains Jurassic and Cretaceous rocks 
th^o\^n into folds, and may be descnbed as a 
synclinal valley The lower parts of this trough con- 
tain salt-lakes, known as Shoits ^ the region is one of 
very low rainfall Some parts of the valley contain 
thick deposits of Pleistocene age, denved from the 
weathenng of the high mountains of Alpine type 
dunng an age when rainfall was more abundant than 
it IS to day 

There is a somewhat similar longitudinal valley in 
North Amenca — a long, narrow trough — ^which is 
9 
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probably very similar m structure to the valley of the 
Shotts This occurs between the Pacific Coast ranges 
and those of the Sierra Nevada and Cascades The 
valley of San Joachim, the Sacramento valley, and 
Puget Sound are probably all parts of this downfold 
valley. A good deal of faulting has accompanied the 
folding, and there is plenty of evidence that this portion 
of the earth’s crust has not yet reached anything like 
a stable condition 

The Sacramento valley has been largely filled with 
fertile alluvium, and it forms a ventable garden of the 
west The San Joachim and Sacramento Rivers unite 
and flow into the Pacific through the transverse Golden 
Gate at San Francisco, where the coast range is cut at 
right angles. Somewhat more to the south the salt 
lake Tulare, in a limited region of internal drainage, 
reproduces some of the features of the Shotts of the 
Alfa valley of North Afnca 

The folding of great Alpine systems often produces 
longitudinal valleys extending along the stnke or 
trend of the strata Professor Bonney long ago pointed 
out that the valley of the Rhone above Martigny was 
onginally a synclinal fold of softer rocks extending 
lengthways between the Bernese Oberland and the 
Pennine Alps The valley of the Vorder Rliine from 
Chur up to its end at the foot of the Oberalp Pass is 
similar in structure to that of the Rhone, and needs 
only this bnef mention here 

A magnificent senes of folded valleys occurs at the 
eastern end of the Gangetic Plain of India, where the 
Yang-tse, Mekong, Salwen, and Irrawadi run in mighty 
longitudinal folds between the great parallel mountams 
Similarly the Drave and Save flow in the synclinal 
basins formed by the opening out of the eastern Alps 

Some of the rivers of the Jura run for long distances 
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as longitudinal nvers, along the axes of synclinal folds 
formed m that Alpine foreland It is said that there 
are twenty such parallel folds in the Jura, and the 
nvers which run along their troughs break through in 
transverse cluses, which are, in the main, the routes 
through from the Rhone-Saone to the Swiss plateau 
Prof J B Jukes pointed out long ago that the rocks 
of Southern Ireland have been thrown into a senes of 
parallel folds whose axes run east and west The 
longitudinal stretches of the Bandon, Lee, and Black- 
water run along these folds, and then turn off in trans- 
verse gorges at nght angles to their earlier courses 
Jukes’s paper, ^v^tten in 1862, was probably the first 
systematic survey of a senes of nver-vaUeys from 
the genetic point of view 

It wU appear from a consideration of the examples 
discussed above that the terms valley and basin have 
not always a very definite connotation We speak of 
the " Vale of Pickenng,” but seldom of the valley , it 
forms a very shallow valley or basin In North-East 
Lancashire, " Burnley Basin ” or “ Calder Basin ” is 
used quite as frequently as Calder Valley, and yet, as in 
the case of the London and the Thames, the valley and 
the basin are not quite the same 
S3mchnal basins on a large scale — that is, where there 
IS a shallow downfold in which newer deposits have 
been accumulated — are quite numerous, the Pans 
basin IS a ivell-lmowm example 
The Mississippi basin is probably an enormous 
shallow’ syncline stretching from the W'estem slopes of 
the Appalachians to the eastern slopes of the Rocky 
Mountains There are man}’ other examples of tectonic 
basins in different parts of the world 

Fault Valleys and Rift Valleys or Trough Valleys. 
— ^This part of the subject also may be best illustrated 
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by examples The Vale of Eden may be taken as the 
first type The great Pennine Fault was mentioned in 
Chapter V It forms a magnificent scarp from the 
edge of which the observer looks westward over the 
fertile Vale of Eden, with its patchwork of cornfields 
and meadowland, and numerous plots where the red 
soil of newly ploughed fields shows in striking contrast 
Farther west nse the hills of the dissected dome of the 
Lake Distnct The rocks of the Vale of Eden are 
Triassic and Permian (together called the New Red 
Sandstone), and are newer than the rocks forming the 



Fig i6 — Diagrammatic Horizontal Section from Saddle- 
back TO Cross Fell across the Vale or Eden, to show 
THE RriATION OF THE ROCKS TO THE PENNINE FAULT 


Cross Fell plateau, which are Carboniferous The 
same Carboniferous rocks are seen on the eastern edge 
of the Lake Distnct forming the partial border already 
mentioned (see Geological map. Fig lo) These 
dip under the New Red Sandstone marls and sand- 
stones of the Vale of Eden The general structure and 
relation to the fault is best seen by a section (Fig i6) 
Thus the Vale of Eden is a fault valley or wedge- 
shaped basin, and the sharply contrasted geographical 
regions — ^the Cross Fell plateau, the vale itself, and the 
Lake District dome — are obwously due to the relation of 
the different rocks to the great Pennine Fault already 
mentioned 
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The Vale of Andalusia or Guadalquivir Valley is 
very similar in structure It lies between the Alpine 
Mountains — the Sierra Nevada, and the faulted edge of 
the I^Ieseta, known as the Sierra j\Iorena This valley 
has already been described as an alluvial plain, thus 
forming another example of how land-forms grade into 
each other insensibly 

A very fine example of a valley due to fracture, but 
not a nft valley, as generally understood, is the Great 
Glen of Scotland This magnificent natural trench 
extends m a perfectly straight line for 100 miles, nght 
across the country from the Firth of Lome to the 
Moray Firth The bottom of this glen is never more 
than 100 feet above sea-level, but the deepest part is 
nearl)^ 800 feet below the surface level of the sea In 
the deeper parts of this straight trench he the lakes 
Lochy, Oich, and Ness, the latter nearly 20 miles long 
and less than i mile in width Many of the other 
Scottish glens, some of them forming sea-lochs and 
some containing long, nbbon lakes, he in fracture- 
trenches, having the same general direction An 
inspection of a good orographical map shows a whole 
senes of valleys stnctly parallel to Glen !More , another 
senes is almost at nght angles and also contains fiords 
and inland lakes The Scottish plateau was evidently 
shattered by a double senes of interlacing fractures, 
probably at the time when the North Atlantic was 
formed and Scotland was separated from Scandinavia 
The fracture-trenches are the famous Scottish glens 
Some of these glens may be simply deep nver-wom 
valleys, but it is almost inconceivable that so many 
of them should lie m definite directions, the same 
directions as that of known fractures, unless they are 
associated with faults which follow the same direction 
but are not apparent at the surface The fiords of the 
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western coast of Scotland are probably drowned valleys 
of this type {see Chapter '^TII ) 

The Eift Valley of the Rhine was discussed m 
Chapter IV This is an admirable example of a 
valley formed by a pair of rouglily parallel faults 
letting down the region between the two horsts 
The bottom of the valley is a plain of considerable extent, 
200 miles from south to north, and roughly 20 miles in 
width 

A most interesting nft valley, or linear senes of 
nft valleys, extends from the north of the Dead Sea to 
the Zambesi region in Afnca, and includes the Gulf of 
Akaba, the Red Sea, and the basins of Lake Rudolph 
and Lake Nyassa This line of depressions extends for 
3000 miles, and marks one of the most distinctly frac- 
tured parts of the earth’s crust It ends off abruptly 
against the Taurus range of Asia j\Iinor The Lake of 
Tibenas, the Valley of tlie Jordan, the Wadi-el-Arabah, 
the Gulf of Akaba are obvious parts of it in the north 
Lake Tanganyika occupies a similar linear depression, 
which appears to be related to the senes of fractures 
mentioned above 

The basin of Utah, Nevada, and Oregon is another 
example of a sunken portion of the crust due to a 
senes of fractures In this region evaporation keeps 
pace with the small rainfall, and many of the vanous 
lakes which exist in the hollow have no outlet, and are 
therefore salty 

Lake Baikal in Central Asia occupies a fault basin 
Its surface is 1560 feet above sea-level, but it is so 
deep that its bottom is more than 3000 feet below sea- 
level It IS the deepest of all the continental de- 
pressions Its very steep walls are probably fault scarps, 
formed in comparatively recent times, and the exist- 
ence of volcanic craters in the neighbourhood, and the 
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frequency of earthquakes, show that the crust is still 
m an unstable condition 

Spencer Gulf in South Australia is yet another 
example of a valley due to subsidence between two 
lines of faults , it is a “ nft-valley '' similar to that 
of the Rliine St Vincent Gulf is probably a similar 
subsided region 

The Central Valley of Scotland — generally known as 
the Lowlands — is another well-known example of a 
nft valley, of which the width is relatively great A 
great north-western boundary fault divides Strath- 
more from the Higlilands, and a nearly parallel 
senes of faults separates the Southern Uplands 
from the Midland Valley The northern fracture-hne 
stretches from near Aberdeen to the Isle of Arran , 
the southern series of fractures from near St Abb's 
Head to Ballantrae The southern system of faults 
is not so veil defined as the Highland boundary 
fault Between these two parallel fault - systems 
the PalsEozoic rocks of tne Midland Trough were 
let down, and probably in consequence of the sub- 
sidence, masses of volcanic rocks were extruded at 
various points along a direction rouglily parallel to the 
general north-east and south-west trend of the faults 
These volcanic rocks have resisted denudation better 
than the Old Red Sandstone and the Carboniferous 
sediments of the Low^lands, and there are four groups of 
hills separated by the great rivers w^hich cross the 
** Rift Valley " The Sidlaws, Ochils, Campsie Fells, 
and Renfrew' Heights are the hills referred to , they 
extend senally along a line which is roughly parallel 
to the great boundary fault 

The Midland Trough or Rift Valley is thus an example 
of a tectonic depression of very great geographical 
importance because the majonty of the Scottish people 
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are located on its fertile lowlands or its industnal 
regions It is vanously descnbed as a valley, a basin, 
and a trough There is something to be said in favour 
of the use of each of these , perhaps least of all for the 
name " valley ” It is clear, however, that we have 
here another illustration of the difficulty of using a 
definite senes of names, each ^vlth a limited meaning 
The difficulty is inherent, because these different 
sub-t5^es of land-forms grade into each other quite 
insensibly It seems inadvisable to insist on a ngid 
connotation in this as in other departments of descriptive 
natural science 

There are many similar nft troughs or valleys in 
different parts of the world An interesting modifi- 
cation IS found in Nevada where canon-hke valleys 
occur, which are obviously due to subsidence These 
were at first mistaken for canons of the Colorado type, 
that is, canons due to erosion by nvers acting on 
approximately horizontal strata in a dry region 

Valleys of Erosion 

Many valleys of this type were necessanly men- 
tioned in Chapter V , in discussing the dissection of 
elevated land-forms, and some of the different sub- 
t 3 q)es were foreshadowed These forms illustrate Prof 
Davis’s pnnciple that all land-forms are functions of 
structure, process, and stage That is, their present 
condition depends firstly upon the nature and relation- 
ship of the rocks out of which they were formed, 
secondly, upon the processes at work , and thirdly, 
the time these have been at work, and the stage in the 
operation which has been reached 

Canons, — ^This is perhaps the most stnking sub-type 
Cut deep in honzontal strata, ivith vertical or almost 
vertical walls often extending for great distances, these 
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earth trenches form very stnkmg examples of young 
valleys Honzontal, or nearly honzontal, strata are the 
first requisites, with the joints which are found in all 
rocks The second consideration is that down-cutting 
predominates over lateral cutting , this is due to the 
climate, but is partly dependent upon the velocity of the 
stream and the extent to which it is armed with cutting 
tools in the form of sand grams Thirdly, the uplift is 
comparatively modern, and the gorge is still m the 
young stage It must, however, be remembered that 
given similar rocks m a region where the atmosphere 
contains much more moisture, the lateral weathenng 
may cause the river gorge to assume a much more 
advanced stage 

The type canons of the world are, of course, those of 
the great plateaux west of the Rocky Mountains 
The Grand Canon of the Colorado is described in most 
books of Physical Geography and referred to in almost 
every text-book of Geology It is more than 200 
miles long , its vndth vanes from 5 to 12 miles, and 
it IS nearly 6000 feet deep The upper part is often 
much less steep, and was evidently cut when the 
atmosphenc conditions were different, and lateral 
weathenng was more m evidence The low'er part is 
in places bounded by vertical walls of great height 

As already mentioned, canons are found in other parts 
of North Amenca, especially in the great region of 
plateaux between the Rocky [Mountains and the 
mountains bordenng the Pacific Coast The nearest 
approach to these in grandeur are the deep trenches of 
the Southern Abyssinian plateau bnefly mentioned 
in Chapter V 

GorEcs — ^There is no hard-and-fast line dividing the 
gorge from the canon In general it may be said that 
a gorge is a small canon Gorges are cut by nvers in 
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horizontal strata where especially pronounced jointing 
facilitates this process, as was instanced by the gorges 
of the Loess, the Quader-Sandstein of the Elbe, the 
Tarn, and the limestone gorges of the Bntish Carboni- 
ferous 

Transverse River Gorges — Deep nver gorges of a 
more irregular character are often found where a nver 
runs transversely to a young mountain chain The 
Alps abound in magnificent examples Many of the 
feeders of the Rhine and Rhone come from the inner 
parts of the Alps in a direction roughly at right angles 
to the trend of the mountains, and in almost every case 
a deep gorge has been cut out by the debris-laden 
stream The fine gorges of the Schyn and the famous 
Via Mala on the Hinter Rhine system are examples from 
the east of Switzerland, the SchoUenen gorge of the 
Reuss and the renowned Aar Gorge are w^ell-knowm ex- 
amples from Central Switzerland , the grand gorge of the 
Tnent, near Yerna3'ez, may serve as an example from the 
Western Swiss Alps Of course there are many more in 
the Alps , the above are well knowm and are easily 
reached from tounst centres 

The Indus cuts the western end of the Himalayas 
transversely in a senes of gorges which are said to 
be almost impassable The gorges of the Brahma- 
putra at the eastern end of the same mountains are so 
stupendous and so difficult of access that the course 
of the river was marked by dots on maps which are 
yet in common use The Yang-tse-Kiang runs for 
some time concordantly wuth the trend of the folded 
mountains already mentioned , then it cuts across 
them, and its transverse gorge is one of the finest in 
the world 

To refer to the Rhine and Rhone again Both 
nvers run for many miles in longitudinal troughs, the 





Pi.ATi> XI — Inr: \ i\ Mat a, a T^ picai J k \\s\ rusr Gokgi: in tiil Rhai tian 
Alps Tiir IIintik Piiim cuts tiikolch to join thu Vokour Rhine 
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valley of the Vorder Rhine continuing the direction 
of the Rhone lengthways between the line of the 
middle Alps and the long hne of the Bernese Oberland 
and the Todi Alps Each nver then cuts across the 
outer range from its inner Alpine trough the 
Rhone at Martigny , the Rliine near Sargans These 
transverse valleys are, however, comparatively %vide , 
though that of the Rhone is clearly a trench 
cut nght through the Alps, thus separating the 
Chablais Alps from the western Bernese Oberland The 
Diablcrets and the Dent de Morcles are obviously 
the same in structure and belong to the same system 
as the Dent du Midi on the southern side of the 
Rhone 

There are many other transverse gorges of great 
interest but of somewhat different type The i^ine 
from Bingen to Bonn trenches across the European 
Mittel-gebirge, a comparatively shallow gorge cut in a 
plateau of ancient rocl>s The Meuse from Givet to 
Namur cuts across the Ardennes massif similarly The 
uplift of the Ardennes-Eifel-Westerwald plateau has 
been comparatively recent The nver seems to have 
been in existence before that uphft and to have cut 
down as fast as the block was raised, so that the Rhine 
of the Rift Valley was apparently not converted into a 
lake The nver was antecedent to the uplift, but we 
must be careful not to assume that every case of a 
transverse gorge is due to an antecedent nver cutting 
down through a later uplift 

The transverse nver gorges ]ust mentioned are of 
very great importance in connection with the move- 
ments of man In peace and in war, in mediieval times 
and in modem trade, they have provnded the routes 
by which man has travelled The sides of the gorge 
of the Rhine are crowned with medireval castles. 
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and its every point bnstles with interesting 
mementoes of the march of armies and the passage of 
traders 

The typical canon of the and plateau, the gorge 
through jointed limestones and sandstones, and the 
transverse gorge through folded mountains or incised 
m a plateau uplift have one feature in common they 
are U shaped valleys of varying acuteness, such as 
may be diagrammatically represented by such forms as 
the following 




c 


D 
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Fig 17 — Diagrams or Valley Forms 

* Vcr) } oung st-ige , cnnon or simihr gorge B Young stage , 
shoiilciers still angular , V shape acute C Adolescent stage , 
slioukkrs rounded , V-shapc much less acute D Mature stagt , 
alhuial deposit forming in the broad bottom of the mature \alle) 
D Old age form, \erj shallow \alle), with allu\ial deposits of 
greater extent 


In the shallower ones lateral cutting has been pro- 
ceeding for a long time, and so the nver onlji- appears 
as a narrow streak in a broad-bottomed valley The 
Rhone gorge from Jlartigny to St Llaunce is a good 
example of this type Transverse valleys are valleys 
of erosion, but longitudinal valle3rs are often not valleys 
of erosion in the same sense , many are synclinal 
valleys with a long extension, following, as the geologist 
says, the strike of the strata Longitudinal valleys 
occur in regions of folded mountains, the nver running 
more or less parallel to the direction of the folded beds 
Thus the Rlione and its valley are longitudinal, between 
the parallel Pennines and Bernese Oberland from 
the Furka Pass to Martigny So the Rhine is 
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longitudinal from the foot of the Oberalp Pass to 
Chur There are good examples of longitudinal nver 
valleys in the Jura, where the senes of comparatively 
gentle folds allows of the ready production of such 
valleys JIany nvers are by turns longitudinal and 
transverse, a good example being the Doubs 

The upper Indus occupies a longitudinal valley on the 
northern side of the Himalaya , the upper Brahma- 
putra runs for hundreds of miles in a great longitudinal 
valley between the Bbmalaya and the trans-Himalaya 
or Tibetan Himalaya The longitudinal valleys of the 
great nver system of further India and Indo-China have 
already been mentioned 

These valle5^s offer routes for penetration nght into 
the heart of mountain countnes Thus the long reaches 
of the upper Rhone and the Vorder Rhine have directed 
many movements of people in the Alps 

Anticlmal Valleys — ^The summit of an anticline 
clearly offers itself to attack by weathenng agents 
Cutting down begins and continues with relative 
rapidity, and in time a kind of longitudinal “ valley ” 
be produced \vith its long axis extending along the 
upfold of the rock The Weald is not a valley in the 
strict sense, but is a sort of shallow basin area produced 
by the cutting down of the antichne (see the descnption 
and section in Chapter IV ) Murchison long ago 
pointed out the existence of such valleys in the 
Silunan strata m Shropshire, where the summit of 
the Woolliope antichne has been dissected away and a 
valley produced The middle Ribble of the Chtheroe 
distnct runs along the upfolded strata of an anticline, 
the long-continued dissection having cut down through 
the Coal l^Ieasures, ^Iillstone Gnt, and Upper Carboni- 
ferous Limestone, until beds almost at the base of that 
senes are re\ealed 
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Similar longitudmal valleys, following the direction 
of dissected anticlines, are found in the Jura, in southern 
Ireland, and in the Appalachian region, in which many 
of the valleys are of the more normal s}mclinal type 
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LAND-FORMS LAKES AND LAKE BASINS 

There have been many classifications of lakes proposed, 
almost all of them from a genetic point of view ^^Tiilst 
it IS possible to classify very many lakes without much 
hesitation, there are many of mixed origin, and m the case 
of some of the most important lakes of the world there 
is still sharp controversy regardmg the mode of origin 
Prof W H Hobbs enumerates no less than 28 types, 
\vhileProf W M Davis has reduced lakes to three great 
groups It would seem that fiom the point of view of 
the geographer as mterpreted in this book the followng 
classes mclude most of the lakes of importance 

1 Relics of comparatively recent seas 

2 Undoubted tectonic basin-lal^es 

3 Lakes produced by the damming of normal drainage 

by some kind of deposit or other impediment 

4 Solution lakes 

5 Crater lakes 

Rehcs of Recent Seas — Imagine a portion of the 
ocean which has been cut off b}^ local elevation and at 
the same time, and perhaps partly in consequence of 
the tectonic changes, becoming dner , this cut-off sea 
may dwindle in area until it is onty comparatively a 
relic of the ocean basin or Llcditeixanean Sea from 
which it has been den\ed Such relict seas are the 
Caspian and Sea of Aral, possibly also the Salt Lakes of 
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Central Australia, and such lakes as Tchad in Equatonal 
Africa The Caspian still contains seals, fishes, and 
mollusca, which show its former connection with the 
Arctic Sea There is little doubt that it once com- 
municated with the Black Sea also Such inland seas 
would, as ma}^ be expected, vary considerably in sire 
both in successive years and from one season to another 

In the recentlj’^ uplifted coastal plain of south-eastern 
North Amenca there are very shallow lakes which 
correspond to shallow depressions on the sea floor 
They are gradually disappeanng owing to the accumu- 
lation of the debns of aquatic vegetation These latter, 
of course, in no way depend upon an and climate as do 
the seas in the mid-continental low plains 

Tectonic Basin-Lakes. — ^The existence of these lakes 
has been mentioned already in dealing vith nft-valle}^ 
and with negative or depressed crust blocks In many 
of these depressions there exist portions vhich are lower 
tlian the general or average level, and m these basins 
water accumulates and permanent lakes result The 
Dead Sea of Palestine occupies a very deep hollow in 
the narrow Synan part of the great Nubian nft-valley 
The deepest part of the Synan depression is about 2500 
feet below the surface of the Mediterranean Sea In 
an earlier period, when there was a greater rainfall, it 
partially overflowed to the Gulf of Akaba , now it is a 
small basin wth water of high salinity, and well deserves 
its name, the Dead Sea 

The senes of salt lakes on the East Afncan plateau, 
of which Lake Rudolph is the best known, are in the 
same nft-valley, and also the fresh-water Lake Nyassa, 
which drains southward to the Zambesi Lakes 
ianganyika, Kivu, Edward, and Albert are tectonic 
lakes occurring in another nft-valley vhich is probably 
connected with the East African one 
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Salt Lake in Utah is of a similar ongm and has 
similar relationships It is the residue of a once great 
fresh-^^ atcr lake, but owing to the mcreasmg aridity of 
the climate it is now a salt lake and receives the dramage 
of an enclosed tectonic basin There are many other 
salt lakes in the same region 
Lake Baikal is a tectonic basin lake, the deepest 
knovTi lake basm m the world {sec Chapter VII ) 

Lake Balaton m Hungary is a deep part of the 
Hunganan depression, and may be regarded as a rehc 
of the old Hungarian Sea , it is thus partly a tectonic 
lake and partly a residual lake 
The lakes of the Great Glen of Scotland and many 
other Scottish lochs are almost undoubted examples of 
lakes in tectonic basins, and it is highly probable that 
many otlier lakes are of similar tectonic ongin 
LaJies duo to Dammmg of Normal Drainage — 
l^kes of this general class are very numerous, and 
there are many sub-classes, as there are many ways of 
holding up rivers and thus forming lakes The moraines 
of glaciers frequently extend across a valley and form a 
lake by damming up the nver ]\Iany of the lakes of 
Scotland, the Lake Distnct of England, and other 
recently glaciated regions have moraines at the end, 
and are therefore partly, at least, of this class , but in 
some cases thej^ are also probably in part rock basins 
due to fracture Some wnters say that at least ninety 
per cent of the lakes m recently glaciated regions are 
of this kind 

Glaciers themselves frequently dam up nvers , the 
bcst-knoum European example of this is the great 
Aletsch glacier of the Alps, which dams up a nver and 
forms the ilarjcelen See Similar glacier-dammed 
lakes are found in other Alpine regions Such lakes 
were probably of frequent occurrence in the Britisl; 

TO 
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Isles m the Pleistocene glacial penod, for there are 
undoubted evidences that glaciers extended across 
vallej^s, or opposed their fronts to the normal drainage 
of pre-glacial times The famous Parallel Roads of 
Glen Roy, near Ben Nevis, in Scotland, are now believed 
to be lake terraces formed at different levels by the 
successive lowering of a lake dammed up by a glacier 
which extended across the lower end of the valley These 
old terraces were long a source of difficulty to geologists 
and geographers Many Bntish north-country valleys 
show some traces of old lake terraces, but these are 
seldom or never so well developed as in Glen Roy and 
some of the neighbounng valleys 

A landslip or rockfall may fall athwart a mountain 
valley and thus impede the normal drainage, and a lake 
may result This may obviously happen most fre- 
quently in Alpine regions where great rockfalls are of 
frequent occurrence Such lakes will clearly be of a 
temporary character , the obstruction vnll soon be cut 
through Well-known examples have occurred at 
Bellino in North Italy, in Canntlua, and in the Uj^per 
Ganges valley Ox-bow or cut-off lakes of nvers may be 
included in the present wide class A nver forms a 
meander or loop which bnngs it back almost upon 
itself The narrow neck of land between the two 
ends of the loop is burst through at a time of flood, 
drifted matenal shuts off the old curve and a loop-lake 
or cut-off lake is formed Almost all large nvers 
flowing along alluvial plains have formed these curved 
ox-bow or loop-lakes They are usually fairly shallow 
with deeper parts on the convex side, as would be 
expected from their manner of formation. The ox-bow 
lakes of the lower Mississippi are famous Similar 
lakes are know as btllabongs in Australia, where they 
are well developed on the Murray 




Plate XII — IVIaujeeifn See and Aletscii Glacier 
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Plate XIIl — \lllvial Flat between Lakes Derwentwater and Bassentiiwaite 

Englisu Lake District 
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Very closely related to ox-bow lakes are the lakes 
outside the raised banks or levees of large nvers, and 
formed either by overflow from the nver or from 
tributary drainage which is unable to join the main 
stream because of the raised banks These are numerous 
on the lower Mississippi, on the Ganges, the Po and 
many other nvers which have well-developed alluvial 
plains 

Lakes formed within deltas are somewhat similar in 
ongin The distnbutanes of the nver pile up mud 
banks, the union of two of which may enclose sheets of 
water The great lakes near New Orleans, the delta 
lakes of the Po and the Danube are examples 

The famous Broads of Norfolk are shallow fresh-water 
lakes with ill-defined banks of sedges, rushes, and other 
w’ater plants The sluggish Norfolk nvers onginally 
emptied into a wide estuary, which the dnft of matenal 
has closed The tides sweep much matenal along from 
the rapidly divindling coast near Cromer and from the 
more distant coasts of Lincolnshire and Holdemess 
First spits of land w'ould be formed, then deposits of 
nver sediment would break up the estuary into irregular 
channels, and portions would be partly cut off by the 
rapid growth of w'ater-vegetation These ponds are of 
V ery recent ongin, and are already rapidly diminishing 
in depth and area, partly by deposition of ordinary sedi- 
ment and partly by the accumulation of vegetable 
debns from the luxunant growlh of marsh-plants 

lagoons on low’ coasts, W'hich are dammed up by 
sand dunes, are common m many parts of the w orld 
Those of the Great European Plain have been mentioned 
already In south-west France the lagoons of the 
Landes are of similar character and ongin Another 
senes of such lagoon lakes is found in south-west 
Russia along the shores of the Black Sea 
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Eafb Lakes are due to the accumulation of dnfted 
vegetation, which m time dams back the nver The 
most famous are those of the Red River of Arkansas 
and Louisiana The raft forming one such “lake” has 
recently been removed to some extent, and precautions 
have been taken to prevent its re-growth The White 
Nile, in the Sudan, is dammed up in the same way by 
the sudd, and wide marshes are formed where a great 
deal of the water of the nver has been lost by evaporation 
This impediment is also being removed so as to recover 
some of the land, reduce the tendency to malana, and 
to conserve the water of the Nile 

It remains to be mentioned that the bamer to the 
normal flow of a nver may be a lava-flow which dams 
back the water and forms a lake Some of the famous 
lava-flows of Iceland in 1783 flowed athwart the Skaptar 
and its tnbutanes and formed lakes Snag Lake in 
California and Lake Tibenas in Palestine are other 
examples 

There are other ways in which bamers may interrupt 
the normal drainage of a nver, but the above are the 
most important types The student will readily 
understand that all these ” bamer ” lakes must be 
relatively short-lived They are mere episodes in the 
long geographical history of a region Whether the 
bamer be rockfaU, glacial moraine, ice, blown sand, 
river deposit, or vegetation, it is obvious that the 
outflowing nver will tend to cut through it, and so 
dram off the lake 

Solution Lakes — Many rivers flow over limestone 
rocks To take the rivers of Central Ireland as an 
example, these flow slowly across the plains and they 
are laden with peaty matter, and consequently contain 
organic acids The river water thus dissolves some 
of the limestone and forms irregular nver expansions of 
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no great depth and of very irregular outline Morainic 
matter left by the glaciers of the Pleistocene Glacial 
penod assists in damming up the water, and the etching 
effect of the peaty water, mth its organic acids and 
dissolved carbon dioxide, is seen m the irregular surface 
These lakes are thus, partly at least, composite in 
ongin 

The wonderful limestone region of the Karst, to the 
north and east of the Adnatic Sea, shows ever3rwhere 
the results of solution of the Mesozoic limestones The 
whole surface is fretted and etched by the solvent action 
of the fiercest rams of Europe Here and there are 
funnel-shaped openings, where the solvent water has 
eaten its way down through some crack or joint, and 
through which the water now finds its way to the 
underground drainage so charactenstic of the district 
Sometimes these doltnes are stopped up by fine sediment 
at the bottom and a temporary lake-bowl results The 
larger and more irregular sunken parts are probably 
small nft-valleys These are called Polyen In the 
wet season these may be covered with water, which 
rapidl}' disappears, however, m the hot summer The 
soil that has been washed into these sunken basi is is 
verj' fertile, and consequently these depressions are 
relatively thicklj' peopled The swamps which are 
common in these basins, are, however, fever-laden, and 
as they are ill-\ entilated the fertility of their soil is 
largely discounted Lake Zirkmtz is perhaps the most 
famous of the seasonal lakes of the Karst land It is 
usuallj dry in late summer and autumn, and reaches ts 
maximum depth on the melting of the snoiv m spring 
Lake Janina in Epirus and Scutan in the Montenegnn 
mountains are permanent lakes probably of similar 
ongin 

Crater Lakes — In many volcamc regions the craters 
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of dormant or extinct volcanoes are occupied by circular 
lakes Lake Avemus, near Naples, is the classical 
example There are others on the famous Phlegraean 
Fields In Central Italy, the lakes Nemi, Albano, 
Bolsena, Bracciano, and others , in the Auvergne, Lake 
Pavin and others , in the Eifel, the Laacher See and the 
other “ Maare " of that region of extinct volcanoes , 
these are well-known European examples Lake 
Gustavila in Mexico is a large lake of this t5rpe 
“ Crater Lake,” in Oregon, has a diameter of over five 
miles There is a lake in the crater of Poas, in Costa 
Rica, from which steam and mud are ejected at intervals. 
There are crater lakes in the dormant or extinct vol- 
canoes near Lake Nyassa and associated with the East 
Afncan nft valley In the crater of Soufnere in St 
Vincent, West Indies, there was a small lake before the 
eruption of igo2 , and similarly before the classical 
eruption of Vesuvius m a d 79, a lake had been formed 
in the crater of Monte Somma 

There is little dispute about the ongin of the classes 
of lakes discussed up to this point, but there are many 
which are not so easy of explanation and about which 
there has been much difference of opinion, and the points 
in question are by no means yet settled The following 
are some of the lake t5q)es in dispute 

(a) Rock-tarns, chiefly in mountain regions 
(bj Glen or nbbon-lakes in mountain regions 
(c) Such lakes as the fresh-water lakes of North 
Amenca 

Eock-Tams are generally small lakes l5ung in rock- 
basins in mountain regions They often seem to be 
qmte independent of fracture hnes, and their sides are 
Almost always glacier-worn These rock-basins are 
generally beheved to be independent of subsidence and 
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to be due to powerful erosion Many geologists have 
unhesitatingly put them down to the gouging action of 
ice, though this explanation would not be accepted by 
all There are hundreds of them m the Highlands of 
Scotland, and they are especially numerous in the 
Island of Lewis, where m some parts the map shows 
almost as much water as land Finland and the 
Laurentian plateau (or peneplane) are dotted over %vith 
similar rock-tarns 

Loch Coruisk, m the Island of Skye, has been care- 
fully studied by Harker He has sho\vn that the 
whole basin is clearly surrounded by rock except for a 
gravel deposit at the upper end, and that the bottom is 
bare rock also The rock is gabbro, a rock of much 
toughness and durability This hard rock has been 
ground smooth, polished and stnated, and the hardness 
enables the gabbro to retain all the marks of glacial 
action \vith a freshness which makes it difficult to 
reahse that the ice departed many thousands of years 
ago 

Among Bntish lakes m other localities Thirlmere and 
Watendlath Tam in the Lake Distnct, and Cwellyn and 
Glaslyn in Snowdonia, have been considered to have a 
similar ongin 

Glen Lakes, or Mountam Ribhon-Lakes — These in- 
clude the longer and larger lakes in the Highlands of 
Scotland, and the great valley lakes of the Alps and 
of Alpine regions generally This type has given nse 
to much discussion One school of geologists, following 
Ramsay, has taught that they have been scooped out 
by ice , and for a long time this was accepted A later 
school of geologists has taught that glaciers cannot 
erode rock-basins So the question of the ongin of these 
lakes has been merged in the general question of ice- 
erosion 
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The truth probably lies between the two extreme 
vle^vs Man}^ of the Highland glens of Scotland are 
pnmanly tectonic in ongin River action continued 
for long ages has cut deeply into the table-land of hard 
rocks Dunng the glacial penod weathered matenal 
was earned down by the glaciers, some protruding rock- 
masses were removed, and smooth stnated surfaces 
were imparted to many of the rocks Moraines were 
accumulated in some of the lower parts of the vaUe}^ 
Perhaps dunng the recent change of level, of which 
there is abundant evidence in Scotland, there was 
sufficient warping or irregular tilting of the country to 
assist m the production of over-deepened basins In 
aU probability two or more of the agencies have assisted 
in the production of the lakes The same causes have 
probabty operated in the production of the lakes of 
other Alpine regions It is now very definitely assumed 
by many geologists that such lakes as Lucerne, Thun, 
and Geneva, and the Itahan Alpine lakes, are partly due 
to movements which affected valleys which had been 
formed by ordinary frost and nver erosion in pre-glacial 
times The uplifting of an outer zone caused a damming 
back of the nver drainage, and unless the nver erosion 
could keep pace wth the rate of uplift a senes of lakes 
would obviously result The extension of the glaciers, 
the production of great moraines and the erosive action 
of the ice sheets have given to these lakes many of 
their modern characteristics, though ongmally their 
ongin was tectonic, followng on nver erosion The 
question is by no means settled yet, however 

The Great Lakes of the St Lawrence — The five 
great lakes of the St Lawrence constitute the largest 
fresh-water system in the world, and are obviously of 
tremendous importance in the physical and economic 
geography of North Amenca The question of their 
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ongin IS as difficult as that of the Alpine lakes just 
mentioned, and geologists are by no means agreed 
It IS usually regarded as quite certain that the lakes 
were not m existence m pre-glacial times, and that 
dunng and since the glacial penod tliree causes have 
been at work (i) Changes m level of the earth's crust, 
of a local and uneven character , (2) some amount of 
glacial erosion , and (3) damming up of drainage by 
deposits formed across pre-existing valleys The relative 
value of each of these agencies is obviously difficult or 
impossible of determination, and it is more than probable 
that the effectiveness of these causes has been different 
in the different lakes of this important sj^stem There 
IS again much difference of opinion as to the value to be 
attached to ice-erosion , some think it the most im- 
portant of all, while others would regard it as only of 
secondary importance 

Very similar considerations probably apply to the 
North European system of fresh-water lakes It may, 
however, be pointed out, that a pronounced line or belt 
of depression extends from the Nonvay Deep across 
Sweden, the Gulf of Finland and the Great Lakes to the 
\Vlute Sea The student should study a good oro- 
graphical map of Northern Europe to appreciate the 
significance of this remarkable belt of depression Lakes 
Wener, Wetter, and IMalar in Scandinavia, a deeper part 
of the Northern Baltic, the Gulf of Finland, Lakes 
Ladoga and Onega in Russia, and the Vffiite Sea are 
apparentl}' parts of this great curved belt of depression 

Salt Lakes — ^Lakes continually lose w ater b}' evapora- 
tion and seepage This loss is made good b}' inflowing 
nvcrs If the supply of water from nvers is more 
than sufficient to make good the loss, there is an out- 
flow ing n\ er or rivers, and the dissolved salts m the w ater 
of the lake are approximately the same m kind and in 
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quantity as in the water of the inflo%ving rivers The 
quantity of salts is too small appreciably to affect the 
taste and the lake is said to be a " fresh-water lake ’’ 
If the supply of water is insufficient to maintain an 
outflow the proportion of dissolved salts must clearly 
increase as the inflowing water is evaporated, and the 
lake IS a “ salt-lake ” This concentration of salts 
contmues to saturation point — which is often reached 
first m some shallow gulf or bay of the lake — and 
precipitation of some of the salts occurs {see Chapter 
XI , Salts m the Rocks, p 220 ) Salt lakes occur m all 
the continents in regions where the rainfall is scanty, 
the atmosphere usually very dry, and evaporation 
proportionately rapid The regions where they occur 
are frequently known as regions of closed or internal 
drainage 

Lakes are transitory Features of the Earth’s Surface 
— Judged by geological standards, lakes cannot be 
very long-lived features as a rule Two processes are 
often at work shortening their existence as lakes The 
first is the cutting down of the bamer by the outflow, a 
process which will obviously m course of time lower 
the level of the lake until the complete cutting through 
of the dam may eventually dram off the whole lake 
The other process is that of deposition, the filling up of 
the lake with deposits brought from the higher reaches 
of the nvers which feed the lake This latter process 
is obvious and well known Many concrete examples 
can readily be given Three weU-known ones must 
suffice Lakes Derwentwater and Bassenthwaite are 
obviously part of a former great continuous sheet 
of fresh water, but the nvers Greta from the east 
and Newlands Beck from the west have brought down 
alluvium until they have formed the large flat to the 
west of Keswick which now separates the two lakes 
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An exactly similar process has divided lakes Bnenz 
and Thun in the valley of the Aar in Swtzerland A 
side tnbutary from the Bernese Oberland has pushed its 
delta completely across the valley, thus making two 
lakes where formerly there was one continuous sheet 
of water 

The silting up of Lake Geneva by the Rhone is a very 
well-known example The great nver comes through its 
transverse gorge turbid with glacial mud and other 
nver-bome matenals which it deposits in the upper end 
of Lake Geneva In this way some square miles of 
deltaic deposit have been formed since Roman times 
Near the town of Geneva there may be seen the differ- 
ence between two rivers originally charged wath glacial 
mud, one of which has dropped its suspended matenal 
wlule passing through a lake, and the other has not 
The Arve flows as a turbid stream laden with so much 
fine clay that a cement works has been set up to utilise 
it , the Rhone is a clear stream The waters of the 
two streams mingle but slowly, and the remarkable 
difference between them may be seen for a considerable 
distance 

Unless some change m conditions is set up within 
the immediate geological future. Lake Geneva, and many 
another Swiss lake, will cease to exist In its place 
there will be a fiat, alluvial land, and such are quite 
common in all mountain regions where lakes occur The 
present lakes sc€7n only a small part of the lake systems 
which existed at the close of the last glacial penod 

Vanished Lakes of different t3q5es are common in 
many parts In the Pennine valleys are traces of many 
shallow^ lakes or meres, some of w'hich have been 
completely drained in comparatively recent times 
Professor P F Kendall has shown that a senes of lakes 
existed m the northern valleys of the North York moors 
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m glacial times, and he has reproduced some of their 
outlines with considerable care Greater lakes are known 
to have existed m recent times m different parts of 
the continents Lake Bonneville is the name given to 
a lake which existed m the great basin of North 
Amenca in comparatively recent times Great Salt 
Lake is a comparatively small descendant of this lake, 
whose terrace deposits are found at a height of about 
1000 feet above the present lake level A vast lake 
which existed in the prairie region of Central North 
America has been named Lake Agassiz 
Uses of Lalces — One of the first and most interesting 
parts played by lakes in the economy of nature is 
that of control of the flow of nvers Floods are checked 
by the lakes through which so many mountain streams 
flow Especially docs this apply to numerous nvers 
which denve their supply from the snows and glaciers 
of mountains Lake Constance minimises the floods 
of the Rhine , the lakes of Central Switzerland control 
the floods of the Aar tnbutanes, and Lake Geneva 
equalises the flow of the Rhone So ob\nous is this 
control of flooded nvers that the course of the Aar 
below the confluence of the Saane and near where it 
makes its great bend to the north-eastward, has been 
altered so that the river now flows into Lake Bienne, 
and thus the dangerous floods which were formerly 
charactenstic of the Bernese Aar are now prevented 
Exactly the same is seen in the case of the lakes of 
Scotland and the Lake District , the mountain streams 
are often flooded to a disastrous extent, but the nse of 
the nvers in flood time is far less than it would be if 
the flood water had not been spread over the greater 
surface of the lake or lakes Since reservoirs have been 
constructed near the source of so man)' of the Pennine 
streams it has been noticed that disastrous floods are 
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not nearly so numerous as they were formerly Artificial 
lakes are playing the same part as the natural lakes of 
other regions 

Lakes, both natural and artificial, are used for supply- 
ing touns with water Loch Katnne supplies Glasgow, 
and Tliirlmere, m the Lake Distnct, supplies Manchester 
When the Lancashire city took over Thirlmere for a 
water supply, the natural dam was raised and the 
depth and volume of the lake considerably increased 
The scener}^ of the distnct does not seem to have 
suffered matenall}^ in consequence of these changes 
Crummock Water has been raised to increase its volume 
by the towns of Cockermouth and Workington, and 
the old footpath on the southern side of the lake is 
now submerged for the most part It is interesting to 
note what a large number of artificial lakes or reservoirs 
are to be seen m that part of the Southern Penmnes 
between the Craven gap and the Peak of Derbyshire 
The prevalent rock is millstone grit, which holds large 
quantities of soft water, the rainfall is considerable, 
and the immense population of the neighbounng East 
Lancashire and West Riding manufactunng districts 
demands the storage of large quantities of water 

It is scarcely necessary to insist tliat lakes appeal to 
man from a scenic point of view The mountain lakes, 
of deep, clear water, Ijing among the majestic hills and 
often surrounded b}^ forests, offer irresistible charms to 
the residents m the busy regions of the wwld, and 
the lands of mountain lakes are among the most highly 
fa\ cured holiday regions The lakes of the English 
Lake Distnct , the wnlder lakes of the Scottish High- 
lands , the lakes of the Alps, especially those on the 
Italian side, need only be mentioned 

It may also be pointed out that lakes have great 
direct economic \alue The waters of mountain lakes 
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supply energy which is now used m many ways m 
Norway and Sweden, in Switzerland and in North 
Amenca The great lakes of North Amenca are also of 
great importance in providing a means of access for 
shipping into the middle of a wealthy continent 

Lakes and Ohmate — Lakes exert some influence on 
the climate of surrounding lands Tne water of the 
lakes cools the air in summer and warms it m winter, 
except when the lake is frozen over The climate of 
Scotland and Scandinavia among European lands 
must be affected by the great expanse of water in the 
very numerous lakes, the humidity of the air is increased, 
and the range of temperature reduced Large lakes vull 
exert a still greater influence The Great Lakes of 
North Amenca must give to the air an enormous 
quantity of vapour and so affect the atmosphere con- 
siderably It IS due to the influence of the lakes that 
fruit -groivmg is such an important industry in the two 
great peninsulas — Ontano, between Lakes Ontano, 
Ene, and Huron, and Michigan, between Lakes Huron 
and Miclugan 

The mild climate of the shores of Lake Constance, 
and the climate of Montreux, Vevey, and Lausanne on 
Lake Geneva are well known, and are sufficient testi- 
mony to the ameliorating efiect of the Swiss lakes 
The delightful climate of some of the upper Alpine 
valleys on the Italian side, and the growth of the olive 
there, are in some measure, if only slightly, due to the 
deep Italian lakes. 
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Note (a) Sir John Murray classified lakes as follows in 
the Lncy Brit , nth edition, vol xvi 

A Rock Basins B Barrier Basms some of the barriers 
being the following — landslips, glaciers, lateral 
moraines frontal moraines, irregular glacial 
drifts sand dunes, river alluvium, lava flows 
C Orginic Basins, including Tundra lakes and 
some coral reef lakes 

Note (6) The follow mg particulars of some lakes may be 
useful 

(1) Maximum depth of some British lakes m feet 

Morar 1017, Ness 754, Lomond 623, Tay 508 
Wastwater 258, Lower Erne 226, Windermere 
219, Ullsw^ater 205, Mask 191. Llydau 190, 
Coniston 184, Comb 152, Ennerdale 148, 
Crummock 144, Neagh 102 Derwentwater 72, 
Basscnthwaite 70 

(2) Maximum depth of some European lakes m feet 

Mjosen 14S3, Como 1345, Maggiore 1220, Garda 
1 12 \ Geneva 1015, Ochrida 942, Constance 827 
Onega 740, Ladoga 732, Wetter 413, Wener 292 

(3) Depth of some other lakes Asia — Baikal 5413, 

Aril 222 Africa — Nyasa 2580, Tanganyika 2 100 
North America — Superior 1008, Erie 210 
South America — ^Titicaca 924 New Zealand — 
Manapoun 145S, Taupo 534 

Note (c) The salt content of some famous lakes m grams 
per litre, is as follows Dead Sea 237, Great 
Salt Lake 221, the open Caspian Sea 13, the 
partlj^ cut-off Karabugas, maximum salt con- 
tent 2S5, Aral Sea ii, Lake Van 19 The 
general a\crage of sea -water is about 35 
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LAND-FORMS COAST-LINES AND INLETS 
OF THE SEA 

Coast-lines are of vaned character, and as the t5^e ol 
coast possessed by a region is of first-rate importance in 
connection with its development and its trading possi- 
bihties, it IS necessary to study them bnefly At the 
first glance coast types might seem to be too numerous 
and too varied for systematic classification, and as a 
matter of fact there is as yet no complete and inclusive 
scheme We may, however, bnefly indicate some 
points of geographical interest, and outline bnefly some 
tentative methods of classification which have been 
widely adopted 

Concordant and Discordant Coasts,' — Some coast-hnes 
extend for long distances parallel to the stnke of weU- 
defined mountain ranges They follow the gram of the 
country Such coasts have been termed concordant, 
the name being self-explanatory. Other coasts cut 
across the grain of the rocks of the region , these are 
descnbed as discordant coasts Some examples will 
make this clearer The Pyrenees form a well-defined 
Alpine mountain chain, with the grain of the folded rocks 
running on the whole from east to west The Can- 
tabnans continue this structure into the north-west of 
Spam The deep inlet of the Bay of Biscay extends 
into the angle between the mountainous coast of the 
north of Spain and the low coast of south-western 
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France The southern shore of the Bay of Biscay is 
concordant towards the Cantabnans , it runs almost 
stnctly parallel to the gram of the folded mountains 
The bathymetnc hnes (that is, contour hnes showing 
depths of sea-floor) of the Bay of Biscay on its south 
em side also run broadly parallel to the moimtains, 
thus making the concordance more pronounced At 
the western end the vaned and broken coast of Gahcia 
cuts across the grain of the rocks just as plainly as a 
transverse section of a long beam cuts across the gram 
of the wood This western coast is discordant It seems 
reasonable to suppose that the folded mountains once 
extended farther to the west When the last phases 
of the foundenng of the North Atlantic took place the 
fracture cut off the mountains sharply at their western 
end Similarly, the Atlas mountains end off sharply at 
the western end The northern, or Mantime Atlas, 
ends off abruptly m the Kiff coast, the Great Atlas in 
the rocky coast of Cape Glur, in both cases the gram 
of the rocks being cut transversely Tne Great Atlas 
may ha\ e been cut off at the same time and in the same 
way as the Cantabnan mountains The Canary Islands 
are mountain fragments, parts of that Atlas winch once 
continued well out into what is now the North Atlantic 
Ocean From Tangier to south of Cape Glnr is a typical 
discordant coast , the coast parallel to the Northern 
Atlas IS a concordant one 

^lost of the Pacific coast of both the Amencas is 
concordant, the fold-mountains running parallel in a 
general way to the coast-hne There are obviouslj^ 
portions where, probably ownng to subsidences, the coast 
becomes locall}^ discordant , the northern end of Puget 
Sound, and the southern end of the peninsula of Lower 
California, wnll rcadil}^ occur to the student as examples 

The eastern coast of the Persian Gulf, the eastern 
II 
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coast of the Bay of Bengal, and the coast of Kamchatka 
are other examples of coasts where fold-mountains 
run parallel m general to the coast -hne 

We have hitherto regarded coasts chiefly m relation 
to folded mountains of Alpine type We may, however, 
consider some of those regions where the folds have 
not produced mountains in the usual sense, but where 
the grain of the country (the stnke of the roclts) is the 
same over a considerable area The coast of Sussex is 
parallel to the general direction of the South Do\vns 
from east of Selsey to near Beachy Head , this is a 
concordant coast The Enghsh coast of the narrow 
seas from Beachy Head to the North Foreland evidently 
cuts across the grain of the country , it is a good 
example of a discordant coast The corresponding coast 
of France is similarly discordant 

The Yorkshire coast from Bndhngton to the mouth 
of the Tees is discordant, as it cuts across the grain of 
the Jurassic and Cretaceous rocks The vaned features 
of the coast depend upon the presence of a succession of 
hard and soft rocks cut across by the sea The hard 
rocks stand out as headlands , the bays occur where 
softer rocks have been exposed to the action of the sea 
Discordant coasts show greater variety of structure 
than concordant coasts Different types of rocks are 
met wth in rapid succession and thus give nse to 
varied features A discordant coast is usually nch in 
capes and opemngs, and very often rocky chffs alternate 
with stretches of low flat beaches 

Neutral Coasts, — It is often the case that the rocks 
of a maritime region are practically honzontal, either 
level-bedded sediments or igneous rocks which have 
an even, honzontal extension The coastal outhne 
cannot be said to be parallel or obhque to the direction 
of the rocks or to the grain of the country The 
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direction or onentation of the coast is independent of 
the internal structure of the rocks Such a coast, which 
cannot be descnbed as either concordant or discordant, 
IS a iimtral coast Where the plain of Northern China 
meets the China Sea is a typical example The Tundra 
coasts of the Arctic regions are also typically neutral 
The coasts of the great European plain have been 
descnbed as doubly neutral , there is an outer neutral 
coast and an inner coast behind the lagoons or wadden 
Other examples, such as the Landes coast of the Bay of 
Biscay, 'will occur to the student 
Pacific and Atlantic Coasts — ^The late Professor Suess 
of Vienna called attention to the remarkable difference 
between the coasts of the Pacific and those of the 
Atlantic The great Pacific Ocean is largely bordered 
by long hnes of young fold-mountains which run con- 
cordantly wth the coast The whole of the west coast 
of the A^encas, mth the exception of part of Mexico, 
has these long hnes of mountains close to the sea The 
continental shelf is narrow, or, m other words, the deep 
ocean comes very close to the coast-hne The same holds 
on the vestem side of the Pacific, only we must look 
for the real ocean boundary on the outer side of the 
long fcstoon-lines of volcanic islands and peninsulas 
mentioned in Chapters II and IV 
Witlun the long sj-stem of islands he inland seas, and 
behind these is the complex coastal sj'stem of con- 
tinental Asia itself, a coast sometimes concordant, some- 
times discordant, and sometimes neutral Asia has thus 
a sort of double coast There is a very similar sj’stem 
of double coasts in the West Indies and Central Amenca 
The coasts of the Atlantic are quite different, scarcely 
ant vhere is the outline parallel to long lines of fold-moun- 
tains Slight exceptions, such as the north of Spam 
and jxissibly the north of the Gulf of Guinea, scarcely 



164 


STRUCTURAL GEOGRAPHY 


count in the vast extent of coast under consideration 
The western coast of Norway is not of the Pacific 
type, as the grain of the old Caledonian Alps does not 
extend along the axis of Scandinavia, but has a direction 
more nearly north-east and south-west. Neither are 
the coasts of New England and Nova Scotia strictly 
concordant The Atlantic coasts are extremely irregular 
In one part Alpine mountains are broken oE sharply 
against comparatively deep sea , we have already seen 
examples on the north-west of Spam and in the north- 
western comer of Afnca In another place a plateau 
ends off sharply with a fractured edge Such is the west 
coast of the Spanish Meseta, part of the west coast of 
Afnca, and a good deal of the east of South Amenca , 
in these cases the coastal plain is narrow and there is a 
very narrow submanne continental shelf In yet other 
regions low plains, with low flat coasts, pass gradually 
into shallow seas where the continental shelf is obviously 
of great extent The coasts of the south of the North 
Sea, the western coast of France, the south-eastern 
coast of the United States, and the coasts of Argentina 
are obviously of this t5rpe Most of these are neutral 
coasts, as already pointed out The distinguishing 
character of the Atlantic is this irregulanty, contrasted 
with the regular type which holds for so much of the 
Pacific 

The Indian Ocean is bounded by vaned coast-hnes 
of Atlantic type, that is, discordant and neutral coasts, 
both on the Afncan and Austrahan sides, and in most 
of Southern Asia The only exceptions are the Pacific 
types of the Persian Gulf and the possibly modified- 
Pacific coast of Burma and the Malay Peninsula 

The Pacific coast of America has islands running 
chiefly in long lines parallel to the general coastal 
trend Note, for example, the islands off the coast ol 
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British Columbia and those off Southern Chile On the 
western side the long festoons of Eastern Asia and 
Malaysia show to some extent the same linear arrange- 
ment Tlie islands of the Atlantic are irregular, de- 
tached continental masses , Ne\vfoundland is part of 
eastern North America with its gram abruptly cut 
off, indicating a former extension mto the North 
Atlantic The Bntish Islands are a part of north-western 
Europe, quite recently detached from the continent by 
the discordant breach of the Strait of Dover and the 
English Channel The Canary Islands are fragments 
of the Great Atlas, where the latter extends out mto the 
Atlantic almost at nght angles to the general north 
and south direction of the oceati 
The Atlantic, with its vanety of coast-line, has a 
varied hinterland, which on the whole is much more 
readily approachable than the immediate hinterland 
of the Pacific The great wall of the western mountains 
and the plateaux of the Amencas must always prove 
senous barriers to communication between the ocean 
and the immense continental plains As with eastern 
North Amenca so with Europe, the vaned and frequently 
discordant coast offers many avenues of access to the 
continental intenor This is not without its beanng 
upon the advanced state of civilisation of these con- 
tinents, and especially important in its beanng upon 
those possibilities of interchange of commodities which 
pla)^ so important a part m modern life The dis- 
turbances on the w^estem Pacific margin in recent geo- 
logical times which have depressed the long mountain 
lines, so that many of their higher parts stand up as 
islands from a comparatively deep sea, have provided 
openings from the ocean to eastern Asia wluch make 
it more favourably situated for trade than western 
Amenca 
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Other shorter Pacific coasts show some of the same 
pnnciples Persia is shut ofi from the Persian Gulf and 
the Arabian Sea by the Alpine wall of the Zagros 
mountains, passes through which are difficult Persia 
must wait for the advent of Alpine tunnelling on a 
considerable scale before its oases and nver valleys 
are brought fully into touch with the outer world on the 
oceanic side Burma is accessible from that stretch of 
discordant coast which runs athwart the direction of 
the Irrawadi and Salwen nvers Communication across 
the mountain waU running parallel to the eastern coast 
of the Bay of Bengal is difficult, and access to the 
intenor is now provided by railways which run parallel 
to the fold-mountains and not across them 

It should be pointed out here, however, that dis- 
cordant and neutral coasts are not always conducive 
to ready approach to continents Plateaux frequently 
2nd ofi abruptly, the ocean on their margins having 
apparently foundered Eastern South Amenca has 
much in common with parts of western Afnca, and it is 
believed that the South Atlantic is a foundered portion 
of the crust which formerly existed as a land connection 
So also Eastern Afnca, the Deccan, and the plateau 
of Western Australia are so much alike that geologists 
believe them to be portions of a continent of the Mesozoic 
era, to which Professor Suess gave the name Gondwana- 
land (see Chapter IV , p 76) The coasts of these broken 
plateau-systems are notonously difficult, and the coastal 
plains are narrow , nvers usually descend from the 
plateau in waterfalls which impede navigation, and gener- 
ally such a plateau-continent is by no means easy of 
access Eastern South Amenca is fortunate in possessing 
the great basin of the Amazon between the plateau of 
the north-east and the East-Brazilian plateau Here the 
coast-line and the structure of the land is of the same 
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type as the JIississippi Basin, only on a larger scale, 
and the continent thus possesses a region to which 
Afnca offers no real counterpart 

The Continental Shel£ — ^Where the sea meets the 
present land-boundary is seldom the real outer edge of 
a continent , the latter frequently extends as a submanne 
platform for some distance out to sea, then there is a com- 
paratively rapid descent to real oceanic depths of from 
10,000 to 15,000 feet The shallow submanne continua- 
tion of the continent is kno^vn as the continental shelf 

Concordant coasts have usually a narrow belt of 
continental shelf , discordant coasts vary considerably, 
but neutral coasts almost invanably have ^vlde 
continental shelves The existence of a wide shelf is 
of very great importance On it most of the con 
tmental dcbns brought down by nvers is deposited 
Here there is abundance of food for manne life , 
Crustacea, mollusca, and fishes are plentiful The food 
siipplj of a maritime region is thus largely influenced 
by the nature and extent of tlie continental shelf, which 
III its turn IS intimately connected with the tj^pe of 
Loast-hne 

Coastal Openings — There is no complete classification 
uliich includes all inlets into the land Even the 
common names — sea, gulf, bay — are used in varjnng 
■senses One onlj needs to compare the lute Sea, the 
Baltic Sea, the North Sea, and the Black Sea to realise 
in wliat \ anous senses the name sea is used 

The partially enclosed seas of Central Amenca 
furnish another example, we speak of the Canbbean 
Sea and the Gulf of Mexico, but the ^lediterranean Seas 
concerned are of one typo It is sometimes understood 
that a gu^f has a fairly narrow opening, and this holds 
for such well-known examples as the Persian Gulf, the 
Gulf of Mexico, the Gulf of Pechili But w e also speak 
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of the Gulf of Guinea, the great “ bight ” of Western 
Afnca. The name bay is also used for very different 
types of openings , compare Hudson Bay wth the 
Bay of Bengal Baffin’s Bay is a cunous example of the 
use of the word bay for a sea passage which was probably 
at first thought to be a bay. The Gulf of Aden and the 
Gulf of Oman are funnel-shaped seas leading through 
straits to inland seas, one of which is called a gulf, 
the other a sea It is obvious that the whole nomen- 
clature IS full of anomalies 

The great Inland Seas — ^The most famous of these 
are the European Seas, the Southern Group and the 
Northern Group The Mediterranean Sea is the largest 
inland sea in the world, with a length of 2000 miles 
and an area of a million square miles, or eight times the 
area of the Bntish Isles It is divisible into well- 
defined eastern and western parts separated by the 
shallow Sicilian ndge The Eastern Mediterranean 
descends to a depth of over 14,000 feet, the greatest 
depths bemg near the unstable regions connected 
with the fold-mountam system of Southern Europe 
Crete and C3^prus are the higher parts of sub- 
merged mountam ranges The Adriatic Sea is a de- 
pressed crust block between the Apennines and the 
Dmaric Alps The eastern coast of the Adriatic is 
of a type almost unique, the Dalmatian type The 
Western Mediterranean is divided by the Sardmian- 
Corsican horst, which separates the Tyrrhenian deep 
from the Ligurian Sea 

The Mediterranean shows examples of the three 
leading types of coast-lmes From the Riff Coast of 
Morocco to Cape Bon is concordant, as are also the 
southern coast of Asia Mmor, the western Adriatic, and 
the coast of Spam from Gibraltar to Cape de Gata 
The north-eastern coast of Spain is clearly discordant. 
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as IS the southern coast of Greece where the mountain 
upfolds form the promontories of the famous Morea 
The west coast of Asia Minor is a heterogeneous coast 
mainly of discordant type Neutral coasts are not so 
well represented in the Mediterranean, but the Northern 
Adriatic, the Carcassonne coast of France, and the Oran 
coasts are examples 

The Black Sea is a deep gulf of the Mediterranean, 
approached through the narrow straits, the Dardanelles 
and Bosphorus It has a maximum depth of 8600 feet, 
and IS being filled up with relative rapidity by the 
numerous nvers w^hich enter it It is not so salty as 
the Mediterranean, its water contaming about sixteen 
parts of dissolved salts per thousand against thirty-seven 
parts per thousand in the Mediterranean A strong 
current flows from the Black Sea to the Mediterranean 
dunng most of the year 

The Northern Group of European Seas include^ 
the Baltic, the North Sea, the narrow seas on the 
south and w^est of England, and the White Sea These 
are all shallow seas The North Sea and at least the 
Southern Baltic are parts of the Great European Plain 
depressed onl}^ very slightly below sea-level The 
English Channel and the Dover Strait are also very 
shallow , almost all of it being less than 300 feet deep, 
that IS, far less than the elevation of the North Dowms, 
the South Dowtis, and the Forest Hills in the middle 
of the Weald The shallowness of these seas, the great 
amount of continental debns brought into them and 
spread o\er their floors, and the moderately low 
temperature, make them amongst the most famous 
fishing grounds m the world All the countries round 
the North Sea denve important food supplies from 
the fishenes of that sea 

The Asiatic Inner Seas. — From the Bay of Bengal 
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all round the east of Asia runs a great senes of mountain 
loops, many parts of which are depressed below sea- 
level, the summits only appeanng as islands Outside 
these curves of volcanic islands are the greatest oceanic 
depths yet known Inside the curves are the sub- 
merged parts of the continent, forming the inner seas 
These, while by no means shallow, are not nearly so 
deep as the great ocean outside The seas thus partly 
enclosed between the outer pnmary coast of Asia and 
the inner secondary coast, are the Sea of Okhotsk, 
Japan Sea, Yellow Sea, East China Sea, and the South 
China Sea The Yellow Sea is shallower than the 
others, probably because it has been filled up with so 
much continental debns from the easily-weathered loess 
lands of the intenor The Great Chinese nvers, 
Hoang-ho and Yang-tse, and the lesser Pei -ho bnng 
down immense quantities of yellow loam which is 
deposited between the inner and outer coasts of the 
continent 

The Inland Seas of Central Amenca — These seas, 
like those of Eastern Asia, he between an inner and 
outer coast The pnmary or outer coast extends from 
the Bahamas through the Lesser Antilles to the Coast 
Range of Venezuela This is a modified concordant 
coast, with, of course, many breaches due to sinking 
of the land and the penetration of the Atlantic Out- 
side this primary coast is the deepest known part of the 
Atlantic, another point of analogy with the Asiatic 
island-loops and inner seas Between the outer line of 
islands and the inner coasts of the continent are the 
three sunken basins, the Gulf of Mexico, the Bartlett 
Basin, and the Canbbean Sea The greatest depth 
in these Mediterranean seas is 20,560 feet, compared 
with 31,366 feet in the Atlantic immediately outside the 
curve of volcamc islands 
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Hudson Bay — Hudson Bay corresponds to the 
shallo\v northern inland seas of Europe Its average 
depth IS about 400 feet, and its greatest known depth 
660 feet Like its European counterparts, it receives 
considerable continental drainage, and its floor must 
be co\ered with great deposits of continental debris 
brought down by the numerous nvers which empty 
their waters into it 

Valley Opemngs into the Seas 

Bias, Fiords, Fiards — ^There are some types of 
openings into the coasts to which definite, fairly con- 
sistent names are applied, and the names of w^hich 
connote certain clear ideas of structure and mode of 
origin 

Bias — ^These arc sunken, somewhat shallow, V-shaped 
\ alleys , as a rule they graduall}^ become shallower and 
narrow^er as they are followed inland, and they end in 
gradually shelving shores, such that the slope of the valley 
inland is a continuation of the submarme slope of the 
opening Rners usually enter the bay at the upper 
end, but the width and depth of the valley frequently 
seem out of proportion to the size of the stream The 
typical nas are the openings on the discordant coast 
of the north-v est comer of Spam They w^ere studied 
and systematically described by von Richthofen, who 
ga\e the precise connotation to the name T5qncal 
nas are generally found on discordant coasts where the 
full force of the tides is felt, and it is difficult to resist 
the conclusion that the wmes have had a considerable 
<^hare in forming this particular t3^pe of openmg, if not 
b}’’ raarme denudation, at least by mamtaining them 
open through sweeping out deposits which would other- 
wise fill them up 

The openings of the west of Brittanj’' are also nas, 
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and excellent examples are furnished by the senes 
of openings in Kerry, south-west Ireland Other 
examples are found in southern China, on the Maine 
Coast in the USA, in North Island, New Zealand, 
where Auckland Harbour is a typical na, and in such 
openings as Plymouth Sound and Falmouth Harbour 
Fiords. — ^These are long, narrow openings, with steep 
walls, extending into the land for long distances, and 
often branclung in a remarkable manner They are 
very deep and often much deeper far inland than at 
the mouth ; in fact, a great number of fiords seem to 
have some kind of submanne bar at the mouth, either 
of rock or of morainic deposits 
Fiords are found m high latitudes, in countnes now 
heavily glaciated or which were obviously glaciated in 
the Pleistocene Ice Age , hence many wnters have held 
that they are valleys which have been formed mainly 
by glacial erosion, obviously aided by nver erosion 
These openings occur in fractured tablelands or on 
coasts where there has been much disturbance dunng 
recent geological times Where the faults have been 
carefully mapped it has been found that the fracture 
lines coincide to a surpnsing degree with the direction 
of the pnncipal and branch fiords It seems, therefore, 
that the fiords were probably determined in the first 
place by faults River valleys developed along the 
shatter-belts of the fault lines, and these were cut 
deeply before glacial times Glaciers probably once 
filled many of these deep-cut valleys, and their gouging 
and planing actions have possibly worn out some of 
the deeper parts, rounded off some of the sides, and 
especially glaciated the rocks at the entrances After- 
wards, m comparatively recent times, subsidence has 
caused the sea to fill the valleys, thus producing the 
present features It would thus seem that subsidence, 
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Pi \Ti XIV — \ Fiord in Niw Zi aland “Milford Solnd “ New Zeal\nd 




A senes of transverse and longitudinal depressions give the opening its striking features 
Rugi'cd T im( stone Mountains m tlio foreground 
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fractunng, nver, ice, and sea action have probably all 
plaj^ed a part in the production of fiords 
The t 3 T 5 ical fiords are those of the Norwegian coast, 
where Sogne Fiord, one of the best-knoivn, extends 
inland for over 100 miles, and has an average ividth of 
only three miles Most of the openings on the west of 
Scotland and the north-west of Ireland are fiords 
Across the North Atlantic, on the coasts of Iceland, 
Greenland (both east and west), and Labrador there 
are typical fiords Fine examples occur on the west 
side of North Amenca, in Bntish Columbia and 
Alaska, and also in the extreme south-west of South 
Amenca Finally, on the west coast of South Island, 
New Zealand, there are fiords as grand as those of 
Norway 

It wall be noticed that fiords occur both in the younger 
Alpine mountain lands, such as Bntish Columbia and 
in Southern Chile and the New Zealand Alps, and in 
fractured and much worn plateaux of ancient rock hke 
those of Labrador, Scotland, and Western Norway 
Fiards — ^These are in a sense intermediate m structure 
between fiords and nas They occur on lower coasts 
than fiords, and their sides are not so high and steep , 
otherwise the}' have much of the fiord character The 
openings on the south-east coast of Sweden are the 
types of fiards 

PChrdeiu — ^These are long, narrow, and much branched 
openings W’hich penetrate eastern Jutland and the 
Baltic coasts of Schleswng-Holstem The coast is a 
low’ flat one, and though these inlets have sometimes 
been called fiords, there is no real likeness to the deep, 
steep sided openings of the true fiord character 
Lagoons or shallow coastal Lakes — LiTnaTiR are 
lakes formed behind the outermost deposits of deltas, 
where a part of the estuary has been cut off by the 
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advancing deposit of nver alluvium Between the 
delta of the Danube and that of the Don there are 
numerous shallow lakes of this type, which are only 
accessible with difiSculty from the Black Sea Liman 
coasts are most readily developed in enclosed, tideless 
seas, though the clangs of the Landes of the Bay of 
Biscay are somewhat of the same nature These 
shallow lakelets of the Landes coast communicate with 
each other by channels roughly parallel to the coast, 
thus forming a sort of chain of lagoons These latter 
are somewhat similar to the wadden which are found 
behind the sand dunes of the low coast of the Nether- 
lands {see Chapter VI ) Haffs are the brackish- 
water estuanne lakes found at the mouths of some of 
the Baltic nvers and shut off from the sea by the 
long spits of sand (chiefly blown sand) called nehrungs 
Like other lagoon-hke formations on a low coast these 
are very shallow, being rarely more than 30 feet in 
depth 

Fohrden, hmans, etangs, wadden, and haffs are thus 
all lagoon formations existing on or immediately 
behind, low flat coasts They are obviously due to 
the action of nvers in bnnging down alluvium, to winds 
in blowing sand into dunes along the coast, or to a 
combination of these 

The Dalmatian Coast — A coast of almost unique 
character occurs in the eastern Adnatic From north- 
east of Tneste to the mountains of Montenegro the 
Mesozoic rocks are thrown into a senes of fol^ with 
their long extensions rouglily parallel to the coast 
On the seaward side there has been considerable sub- 
sidence and some fracture, and the sea penetrates the 
folded land of the Dinanc Alps, many transverse gaps 
allowing the sea to extend inland, and to penetrate 
longitudinally the synchnal folds of the Karst country 
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Tlie transverse channels and longitudinal depressions 
isolate a great number of islands which have their 
general onentation parallel to the Adnatic extension 
Other transverse openings and longitudinal troughs 
form the complex S5rstems of vallom for which the 
region is famous The best known of these rock-bound 
openings is the Bocche di Cattaro in the Montenegnn 
mountains, where three submerged longitudinal valle3rs 
are connected by transverse openings This opening 
has often been descnbed as a fiord, but that name 
should not be apphed to it It has little of the true 
fiord character 

Coasts modified by Animal or Plant Growth. — On 
many tropical and sub-tropical coasts the action of 
organisms plays an important part in the structure of 
the coast-hne, and in its defence against manne erosion 
Coral reefs and mangrove swamps are the most important 
of these coastal growths 

Coral Reefs — Corals are animals of simple organisation 
belonging to the class Coelenterata Many of them 
secrete Calcium Carbonate from the sea water, and form 
a strong cyhndncal or cup-shaped structure with 
radiating, strong divisions Some are simple , others 
are compound, and a number of corals form a colony 
The reef-building corals accumulate, by their continued 
branclung and budding, large masses of sohd hmestone, 
which grow^ outwards and upwards, alw’aj^s, of course 
WTtlim the sea The building up of the enormous masses 
of hmestone found on many coasts and in some parts 
of the open ocean, is no doubt assisted by the work of 
which also secrete and deposit calcareous matter 
Reef-building corals inhabit shallow^ sea w^ater in w^arm 
scis, hence their operations are confined to the seas 01 
tropical and sub-tropical regions The seas in wdiich 
these reef-builders flounsh must be nomiall}/ salt and 
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almost free from sediment, hence coral reefs do not 
accumulate opposite the mouths of nvers 

So far as coastal formations are concerned, there are 
two not very sharply divided t5q)es of coral reefs, those 
which are very close to the coast, called fnnging 
reefs, and those winch are some distance away, called 
bamer reefs 

In many tropical seas the protective effect of coral 
reefs on the coast must be very great , the outside of 
the reef receives the full force of the attack of the waves , 
the water inside the reef is usually still Ordinary 
manne coast-erosion must be practically non-existent 
on these coasts It is obvious that the existence of a 
belt of calm water between the inner coast and the 
bamer reef will often prove of great importance in 
shipping Slups often find shelter inside the bamer 
reef when violent storms are laslung the sea into fury 
lutside 

It was pointed out above that reef-building corals 
only exist in warm seas to-day, and their resultant 
masses of hmestone are only found in these warmer 
seas , but in Mesozoic times corals of reef-building 
type existed in temperate regions also These coral- 
walls protect small islands and coasts from destruction 
by the waves, and probably their protective action must 
have been very important in Mesozoic times 

The great Australian Bamer Reef — ^This is the 
greatest reef in the world ; it extends along the north- 
eastern coast of Austraha for a distance of 1200 miles, 
and has a mdth of from 10 to 90 miles There are 
openings through it, opposite to the mouths of nvers 
which bnng down mud and sand from the continent 
The coral polyps do not flourish in muddy water, hence 
there are gaps where the land-debns is borne athwart 
the line of the reef 
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Mangrove Swamps — ^These occur on some low-ljong 
tropical coasts There are several species of those 
peculiar trees which have earned for their forests the 
name mangrove They grow best between tidal limits in 
the equatorial ramy region, where there are alternations 
of heavy rams and scorching sunshine The trees send 
out their bent roots into the reeking, tropical shme 
The fruit falhng into the water sends up another shoot, 
and so the tangled mass groNvs The waves and currents 
of the ocean are checked by this tangle of roots and low 
gnarled stems, and any drifted sediment is thus arrested 
Decayed vegetation continually adds to the accumu- 
lation, producing the charactenstic unhealthy and un- 
inhabited mangrove swamp, with its stinking mire from 
which gases ascend, and through which Crustacea crawl 
and in which moUusca embed themselves The inner 
true land coast is thus protected by the mangrove forest, 
which tends to push itself outwards into the qmetet 
areas of tropical seas 

Instabihty of Coasts — Coast-hnes are very unstable 
features Manne erosion is for ever at work, under- 
cutting cliffs, cutting caves, making blow holes, separat- 
ing masses of rock from the mainland, and thus forming 
the “ stacks ” which are so prominent along many coasts 
The destruction of cliffs is aided by the action of rain 
and frost Chffs of soft rocks such as sand and clay 
are rapidly destroyed, as may be seen on the Holdemess 
coast of Yorkshire and the coast of Norfolk The chfls 
of boulder clay to the north of Blackpool have been cut 
awa)^ with great rapidity within the last hundred years 
E\cn hard rocks are worn away by the ceaseless attack, 
especially in directions w’here the prevalent winds blow 
the waves with great violence against the land The 
work IS done first of all by the mechanical action of the 
wa\cs themselves , these are dn\"en with great force 
12 
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against the rocks, and their impact is so strong that 
large masses of rock are often dislodged In rocks where 
there is much ]omting the mechanical action of the 
waves IS supplemented by the work done by compressed 
air ; the advancing waves drive the air forward into’ 
these joints, and the alternate compression and ex- 
pansion of the air assists in the erosion of the chSs 
Further, the waves hurl detached pieces of rock against 
the chffs, thus using as tools the matenal which they 
have dislodged from the shore or which has beeen brought 
down by nvers 

The results of erosion vary ivith the kind of rock, the 
degree of exposure to waves and currents, and the 
time dunng which the rocks have been exposed to the 
forces at work Professor W M Davis’s “structure, 
process, stage” is well illustrated by the results of 
manne erosion. 

The coasts of Bntain are so obviously being worn 
away, somewhat rapidly on certain parts of the coast, 
that there was at one time considerable alarm, and a 
Royal Commission was appointed to investigate the 
subject It was established that the loss which is 
apparent m certain parts of the coast is at least com- 
pensated by the deposition of sediment elsewhere, and 
that there is little or no net loss taking place at present 

In Bntain and in many other mantime regions, when 
a limited locality is considered, the loss is not only 
qmte apparent, but is often obviously taking place at a 
great rate One of the best known examples is the 
Island of Heligoland, near the mouth of the Elbe. The 
island is at present a mere relic of what it was a thousand 
years ago 

Reconstruction on Coasts — On many low coasts re- 
construction or growth is in progress In some cases 
it IS mainly due to the action of the wind which blows 
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Plate XVII — A Subaierged Forest at Leasowe, in CnEsninr 
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the sand slightly farther inland from tidal beaches 
Accumulations thus take place along the coast and the 
lands gain on the sea In other cases the tides or other 
currents set in a definite direction and thus sweep along 
matenal \\hich has been set free by coast erosion else- 



Fic iS — ^T iif Deflection of the River Alde, jh Suffolk, 
ii\ THE Tide drifted Material from the North A 
LONG Shinglf Beach has been formed, inside uhich 

THE Ri\ER AlDF ^OW FLOWS ROUGHLI PARALLEL TO THE 

North Sfa Coast 

w here or brought dowm by nver from the land Spurn 
Head in south-east Yorkshire is a low sandy spit which 
Ins grown considerably, largely at the expense of the 
disappeanng Holdcmess coast farther north, aided by 
the alluMum brought down by the Humber It has 
already been mentioned that m the east of Norfolk 
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there has been accumulated the dnfted matenal from 
the north, and that in this way the estuanes of the 
sluggish Norfolk nvers have been converted mto 
shallow lakes Somewhat farther south is the interest- 
ing case of the nver Aide, which now enters the sea 
much to the south of its former estuary In the 
thirteenth century the nver flowed past Aldeburgh 
Now a long spit of land has grown to the south and the 
nver flows parallel to the shore for quite a long distance 
River dnft is brought doivn and distnbuted along 
shore-lines or deposited in the estuanes and bays, or 
deltas are pushed out into the sea The rivers of 
Westmorland and north Lancashire carry down 
enormous quantities of eroded matenal into Morecambe 
Bay, and m the upper part of that bay are large areas 
of newly-formed land The rock-debns brought down 
by the Nibble and the Mersey is distnbuted along the 
shore between the two estuanes, and the land at South- 
port and Formby is slowly gaining seawards Especially 
in non-tidal seas like the Mediterranean and Black Sea, 
nvers are gradually adding to their deltas and pushing 
them farther into the sea The student may well read 
Sir Charles Lyell’s classic accounts of the deltas of the 
Mississippi and the Ganges , the growth of nver de- 
posits and how they are pushing outwards the coast- 
line are described in the famous Principles of Geology, 
with all Lyell’s usual clearness 

Changes of Goast-lmes due to Changes of Level — 
This subject was necessarily referred to in Chapter IV 
It may be again mentioned with special references 
to coastal changes If we confine ourselves to the 
histone penod, it is surpnsing how many changes of 
level on coast-lines have now been recorded, sometimes 
a nsing of the land, sometimes a sinking, at least 
relatively nsing and sinking The Mediterranean coasts 
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abound ^vith examples The pillars of the famous temple 
of Serapis near Naples show a record of alternate nsing 
and falling of the coast in that region The coasts of 
Sicily, of Southern Greece, of the Islands of the -®gean, 
of the west of Asia Minor, almost ever3nvhere show 
signs of changes of level In the Island of Crete some 
old docks are now about 30 feet above sea-level A 
classic example of these coastal changes is the coast of 
Sweden, also referred to m Chapter IV This coast was 
studied by Celsius and Linnaeus Depression as well as 
elevation are there in progress 

Another now famous region is Alaska There was a 
great earthquake in 1899, and considerable changes in 
the coast were afterwards noticed In Yakutat Bay, 
Messrs Tan* and Martin recorded an uplift in one part 
of as much as 47 feet There was depression in some 
parts of the neighbounng region 
Other disturbed regions where changes of coast level 
have been actually noticed are — ^the West Indies, Japan, 
and the north-west coast of India 

If we extend the review over the whole of the Pleis- 
tocene penod, or e\ en the time since the passing of the 
last phase of the glacial penod, we see that coastal 
changes ha\e been both great and widespread The 
commonest e\idence of elevation consists of raised 
beaches, and these are quite common on many coasts 
They are of frequent occurrence on the coasts of Bntain, 
and may be especially well studied on the Scottish 
coasts On most of the north-eastern coast of 
Ireland there are raised beaches showing uplift of 
from S to 20 feet In the plain of Limavad3»^ evi- 
dence of coastal elevation may be plainly seen 
Raised beaches in the north of Non\ay indicate 
an elevation of many hundreds of feet wnthin the 
recent penod In north eastern North Amenca evidence 
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of elevation is seen in the neighbourhood of Boston, 
where uplift of only a few feet has occurred, and m 
Labrador, where the elevation has probably been 
hundreds of feet On the other hand, depression of 
coast lands wll obviously not be so easy to trace 
Submerged forests or roots of trees below tide level are 
satisfactory evidence of such depression, and these are 
by no means uncommon There are many, again, on 
different parts of the Bntish coasts In the North of 
Ireland there are, to the west of Portrush, remains of a 
forest wluch are exposed at low tide Evidently there 
has been depression of the coast-lme at that point 
Two miles away, on the eastern side of Portrush, are 
raised beaches and sea caves now some distance inland, 
showing that on a neighbounng part of the same coast 
there has been recent elevation 
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OCEANOGRAPHY, OR THE GEOGRAPHY 
OF THE SEAS 

Tnn merest glance at an equal area map of the 
world, or at a globe, makes one realise how much 
greater is the area of the earth's sohd crust which 
15 covered by water than that which is not so covered, 
the surface of the sea is far greater than that of the 
land 

The area of the earth's surface is 197,000,000 square 
miles, of this about 142,000,000 square miles are sea 
and 55,000,000 square miles are land — that is, 72 per 
cent sea and 28 per cent land respectively , the su^ace 
of the sea is to that of the land approximately as 5 2 
If the volume of the sea below sea-level is compared 
with that of the land above sea-level the dispanty is 
seen to be still greater Reckonmg from the common 
datum, the greatest known depth of the sea is not very 
much more than the greatest known height of land , 
the deepest ocean sounding is 32,089 feet , the top of 
Mount E\ crest is 29,002 feet ^ above sea-level But 
tlie average depth of the ocean is estimated to be about 
12,500 feet, while the aierage height of the land is 
estimated at 2250 feet A simple calculation wall show 

' This IS the height according to Indian Government Survey, 
the of most recent surveys is 29, 141 feet, 
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tnat the volumes are nearly m the ratio of 14 5 i 
This difference m volume is of more than mere academic 
interest to man , it means that the influence of this 
immense body of water, with its pecuhar values of specific 
heat and latent heat, is very great and that many of the 
phenomena which take place on the earth's surface are 
largely dependent upon the sea 

It IS necessary to distmguish the different oceamc 
depths — ^which seem, on the whole, to be so well marked 
that they are in all probabihty consequent upon some 
fundamental processes which have influenced the form 
of the earth's " crust ” 

The Continental Shelf — Surrounding manj^ parts of 
the continents there is a gradually shehung sea-floor 
which passes by a low gradient, often of not more than 
1°, from sea-level at the shore Ime to about 100 fathoms 
This is the continental shelf, and it is an important 
feature because on it most of the erosion waste from 
the land is deposited, in its waters waves due to wmds 
and tides are best developed, and manne life to serve 
as food for man is most prolific The continental shelf 
occupies about 8 per cent of the oceanic area 

The ongin of the contmental shelf has given rise to 
much discussion and three methods of formation have 
been advanced , these are — (i) deposition of eroded 
land waste and the gradual smoothing out of the 
piled-up matenal , (2) the cutting back of the sea and 
the consequent recession inland of the shore line , (3) 
raising of the sea-level or depression of the land, making 
the continental shelf to be a drowned lowland plain 
It IS doubtful if many cases can be explained by one 
only of the above processes , and it seems highly 
probable that a combination of two or three would be 
necessary to account for most of the contmental shelves 
which can be studied Whatever their ongin, it may be 
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claimed %vith some confidence that the existmg con- 
tinental shelves are not of any great geological age 

The Continental Edge and the Continental Slope — 
At the outer edge of the Contmental Shelf is the Con- 
tmental Edge, beyond which begins the Continental 
Slope On the latter the gradient is steeper than on the 
continental shelf The contmental slope may be defined 
as that part which is between 600 feet and 6000 feet 
Beyond this comes the deep Oceanic Plam, from 6000 
to 18,000 feet deep, occup5nng 55 to 60 per cent of the 
whole oceanic area 

The Oceanic Plam, or Abyssal Plam, is of remarkable 
evenness of surface, a fact which has been observed 
frequently m the laymg of submarine telegraph cables 
The found m the North Atlantic a great area 

with no gradient which would have been apparent to 
the naked eye, while Agassiz found a submarme plam 
on the floor of the Pacific which was 3200 miles across, 
and showed no greater slope than 9 inches to the mile, 
or I m 7040 

Oceamc Deeps — ^Here and there m the oceanic floor 
are more or less extensive " deeps " — that is, hollows 
m the usually even plam , these vary from 18,000 feet 
to over 30,000 feet m depth Sir John ;Murray enumer- 
ated fifty-seven such deeps The Tuscarora Deep, in 
the North Pacific, not far from Japan, is the most 
extensive deep yet known , another famous one is the 
Aldnch Deep m the South Pacific, which has given 
several soundings of over 30,000 feet The deepest 
Pacific sounding is 32,089 feet , the deepest Atlantic 
sounding is given as 31,366 feet 

The Oceans 

It is customary to speak of five oceans — Pacific, 
\tlantic, Indian, Arctic and Antarctic , but it is 
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obvious that they are all continuous , especially is it 
difficult to delimit the Antarctic from the Atlantic, 
Indian and Pacific oceans 

The Pacific is by far the greatest of the oceans, 
its area bemg about 64,000,000 square miles — that is, 
9,000,000 square miles more than the total land surface 
of the earth Its average depth is probably shghtly 
over 2^ miles, the western half bemg distmctly deeper 
than the eastern half Many of its great deeps he quite 
near the Imes of fold mountams which almost surround 
it (p 70) In the western half are many groups of vol- 
canic and coral islands, most of which appear to rise 
from submarine plateaux , these submarme plateaux 
alternate with numerous deeps which often show sound- 
ings of more than 24,000 feet The contmental islands, 
Japan, New Gmnea and New Zealand, appear to be 
parts of a " cham ” of partially submerged volcanic 
lands, with fold mountams of Alpme type, and they are 
probably parts of the real contmental border of the 
Pacific on the western side See Fig 92 

The Atlantic is the second m area of the great oceans, 
covenng about 31,500,000 square miles — that is, almost 
half the area of the Pacific (see Fig 80) It is not so 
deep as the latter ocean, its average depth bemg esti- 
mated at about 2 miles Its structure is quite different 
from that of the Pacific, for a long ndge rises from its 
floor, runs almost nudway between its two margms, and 
thus divides it mto two basins This ndge is kaown as 
the Challenger Ridge m the South Atlantic and the 
Dolphm Ridge m the North Atlantic , it is almost 
discontmuous at the equator At the northern end it 
widens out mto the submarme platform which stretches 
from the Bntish Isles to Greenland, this plateau is 
known as the Telegraph Plateau, because it was on it 
that the first cables were laid North of this feature 
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and Ipng almost at nght angles to the trend of the nnd- 
Atlantic nse is a well-marked ndge extending from the 
Bntish Isles to Iceland and Greenland, this is known 
as the Scoto-Icelandic divide, and an important part of 
it IS known as the WyviUe-Thompson Ridge The 
depth over this narrow ndge is only about 1200 
feet 

The Indian Ocean, like the Atlantic and the Pacific, 
IS freely open to the Antarctic Ocean, but it does not 
extend far into the Northern Hemisphere (sec Figs 22 
and 23) This ocean is fairly uniform in depth, about 
70 per cent of it being over 12,000 feet, with a few 
deeps of over 18,000 feet m the eastern half In the 
western half are a number of patches less than 6000 feet 
deep from which nse groups of islands Connected with 
these are the contmental islands of Madagascar and 
Ceylon, the whole probably fonmng the edge of an old 
contmental region 

The Arctic Ocean hes to the north of Eurasia and 
North America , these continents present \vide con- 
tmental shelves towards the North Polar Basm, which 
is the deepest part of it The connection with the 
Pacific through Benng Strait is both narrow and very 
shallow, with the North Atlantic it connects by water 
of about 2500 feet deep The maximum depth is 
13,200 feet, and it is estimated that its volume is not 
more than -^th of that of the Atlantic Ocean 

The Antarctic Ocean forms the oceanic girdle of the 
southern lands It is obvious that there can be no 
natural limit to it northwards, so the latitude Ime 60“ S 
is generally selected as an arbitrary boundary This is a 
relatively shallow ocean and vast areas of it are between 
6000 and 12,000 feet deep There is a shallow connector 
between Graham Land and Cape Horn, and another 
betw cen the Antarctic Continent and Austraha South 
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of Afnca, m latitude 6o°-65° S , there is a deep of 
over 18,000 feet, the extent of which is not yet well 
known 


Salts in Sea Water 

The most familiar property of sea water is its sahnity 
or saltiness, which is evidenced at once by its taste 
Sea water is salty everywhere but not to the same 
extent All nvers carry what is known as fresh water 
to the sea, and it is clear that locally, at any rate, the 
composition of sea water must be affected by the nature 
and the volume of the nver water which enters it at 
different places Ram water contams no salts at all, 
hence the surface water of the sea m regions of heavy 
rainfall must be less salty than the surface water in 
regions of low rainfall and great evaporation Further, 
the ice of icebergs and icefloes contams very little salt , 
therefore the meltmg of these must add considerable 
quantities of fresh water to the surface of the sea in 
those regions where much ice is melted 

The vanation of saltmess m the great open oceans 
IS far less than the vanation in enclosed seas , but as 
the volume of the latter is only a small fraction of that 
of the oceans as a whole, it will be clear that the vana- 
tions m composition m the enclosed seas will make but 
little difference m the average saltmess of sea water 
The salts m sea water amount to 35 parts per 1000 
on an average, and the sahnity of nearly all the surface 
water of the great oceans vanes only between the limits 
of 33 and 37 parts per thousand (wntten 33°/oo and 
37°/oo) The exceptions occur mainly m narrow beits 
round the coasts of the continents 

The “ salts ” usually assumed to be present m sea 
water must exist largely as 10ns rather than as separate 
salts , hence it is better to represent the average sahnity 
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by giving the amount of the principal positive and 
negative 10ns present m parts per 1000 



Parts per 1000 (®/oo) 

Sodium (Na) 

10 722 

Magnesium (Mg) 

1 316 

Calcium (Ca) 

0 420 

Potassium (K) 

0 382 

Chlonne (Cl) 

. 19 324 

Sulphate (SO4) 

2 696 

Carbonate (CO3) 

0074 

Bromine (Br) 

0 066 


35 ooo7„„ 


The rdaixve proportion of these 10ns or of dissolved 
salts remams practically the same everywhere m spite 
of vanations m total sahnity 

In such partially enclosed seas as the Mediterranean, 
the Red Sea and the Persian Gulf, which are in the sub- 
tropical high-pressure belt, and into which a relatively 
small quantity of nver water is carried, the sahnity i^^ 
high , m the Persian Gulf it is said to vary between 
37 and 3 S°/cc» jMediterranean between 37 and 

397co» betw^een 37 and 4i7oo 

the other hand, it is easy to understand that parity 
enclosed seas in the cool temperate low-pressure belt, 
into which \ast quantities of nver water may be poured 
and where e\aporation is not very great, wnll be less 
salt} tlian the open ocean , the salinity of the Sea of 
OUiotsk \anes from 30 to 32°/^^, that of the North Sea 
from 31 to 357 cc» the Baltic shows vanations from 
3 to 157^. 
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The Temperature or the Sea 

In discussing the temperature of sea water two con- 
siderations have to be taken into account — variations 
at the surface and variations with depth The recorded 
readings at the surface of the open ocean have varied 
between 26° F and 90° F , but in the Persian Gulf 
and the Red Sea readings of 94° F and 96° F have been 
taken Broadly speaking, the surface temperature 
diminishes from the equator to the poles, but there are 
many irregularities, due chiefl}^ to prevalent winds, 
ocean currents and the nearness of great land masses 



Fig 19 — A DiACKAMMAnc Viriicai Si'cnoN 01 lur Sea and 
THE Bar at thf Entrance to thf Mi dhekranean 

(Verticil scale greatly e\aggerated ) 


]\Iuch of the open ocean in the neighbourhood of the 
equator has an average surface temperature of about 
79° F , with an annual range of less than 10° F , and a 
daily range of i°-2° F The Caribbean Sea, the Gulf of 
Mexico and the Mediterranean are warmer than the 
open Atlantic in corresponding latitudes , the Baltic 
Sea and Hudson Bay are colder than the Atlantic 
The variation with depth is not so easily stated 
Even in the open ocean seasonal surface temperatures 
may differ by as much as 30° F , but at a depth of 600 
feet there is no evidence of any seasonal variation 
whatever At such depths the temperature at any one 
spot IS constant From this depth down to about 
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3600 feet there is a rapid fall of temperature, followed 
by a more gradual fall to about 12,000 feet, below which 
the whole of the deep ocean seems to be uniformly cold 
with a temperature of about 34'’-36° F 

There are other mterestmg modifications m partially 
enclosed seas, especially those which have a submanne 
bar at theu entrance , two well-kno\vn cases are men- 
tioned as examples The Mediterranean has a submanne 
bar at the entrance 1150 feet below the surface, and the 
temperature of that enclosed sea corresponds approxi- 
mately to that of the Atlantic down to that depth 
Below 1150 feet the temperature of the Mediterranean 
remams practically constant at 55° F , down to its 
greatest depth of 14,400 feet , the temperature of the 
Atlantic, foUowmg the law for the open ocean, contmues 
to fall, and at a depth of 14,400 feet has gone down to 
35° F Similarly the entrance to the Red Sea at the 
Strait of Bab el Mandeb is partially barred by a sub- 
marme ndge 1200 feet below the surface Below this 
depth down to the bottom at 7200 feet the Red Sea 
has a temperature of 70° F 

The Density of Sea Water 

Sea v'ater vanes m density according to its s alini ty, 
its temperature, and m a less degree accordmg to the 
pressure to which it is subjected These vanations are 
of importance m connection ivith problems of the 
circulation of sea water In discussions of density of 
sea w ater compansons are made either with pure water 
at its temperature of maximum density, 39 2° F , or 
w ith water at 60° F , as a standard 

The average density of sea water at the siuface is 
1 025 , sea water containing 40 of dissolved salts has 

a density of 1 030 Water is compressed by stVoo 
its volume by an mcrease of pressure of one atmosphere , 
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at a depth of 24,000 feet, where the pressure is 720 
atmospheres, the compression will be approximately ^ 
of the volume at the surface In discussions of density 
at or near the surface the latter factor may obviously 
be left out of account, and the points to be considered 
are the amount of dissolved salts and the temperature 

One more point of contrast between sea water and 
fresh water may be mentioned here Pure water freezes 
at 32° F , and its temperature of maximum density is 
39 2° F Sea water of average composition — that is, 
containmg 35°/oo dissolved salts, freezes at 28° F , 
which IS also its temperature of maximum density 

The Circulation or Sea Water 

Vanous factors cause circulatory movements m the 
mobile waters of the sea, the chief of which are (i) 
the rotation of the earth , (2) the action of the ivmds , 
(3) differences of density, due to changes of temperature 
or of sahnity Of the circulatory movements thus set 
up we may distinguish (a) local currents of exchange 
of warm and cold water, or highly sahne with less sahne 
water , {b) definite, well-marked currents m the open 
ocean, moving with considerable velocity , (c) general 
surface drifts of much lower velocity affectmg mainly 
the surface waters over a wide area These vanous 
circulations will be studied by considermg concrete 
examples to which some general pnncipies are applied 

Local Currents of Exchange. — It has already been 
pointed out that the water of the Mediterranean Sea is, 
on the whole, more salty than that of the adjacent 
Atlantic , the salmity of the western basm is mostly 
between 37° I 3^°lao The rainfall is light, relatively 
few big nvers pour their " fresh water ” into the sea, 
and there is much evaporation Hence the level of the 
Mediterranean tends to fall and a surface current of 
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less salty water flows through the Strait of Gibraltar 
into the great midland sea This cmrent is strengthened 
when the Atlantic tidal wave reaches the Bay of Gib- 
raltar, but it is not dependent on the tide as is shown 
by the fact that the current stiU flows mto the Medi- 
terranean w'hen the Atlantic tidal wave is ebbing from 
tlie Strait There is a return current of denser and 
more saline water w'hich flows outwards underneath the 
inward current, but it is very much less m volume 

Another w'ell-known current flows from the Black Sea 
through the Sea of Marmora, and below it there is a 
return current of denser and salter water entermg the 
Black Sea , the volume of the latter has been estimated 
as about -y Jg -g- of that of the surface current 

Similar local currents mil readily occur to the reader, 
such as, among others, the current of normal oceanic 
water from the Indian Ocean into the hot and salty 
Red Sea There is strong current of brackish water 
from the cool Baltic mto the more normally sahne 
North Sea 

Ocean Currents — ^These are of a different order from 
the local currents which have been described above 
They are often well-marked, clear currents m the ocean, 
their w’aters different in temperature and salinity from 
the surrounding seas " There is a nver m the ocean ” 
was written of the best known of them by an enthusi- 
astic writer m the middle of the nineteenth century 
There has been much discussion as to their cause , 
differences m temperature and salinity, the rotation of 
the earth, and the effects of the winds have aU been 
in% oked There can be little doubt that all these play 
their part, but it is now generally agreed that the main 
cause must be sought in the steady trade winds wdiich 
blow o\cr so much of the tropical and sub-tropical 
oceans, and m the effects of the rotation of the earth 
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The probable relative values to be given to the different 
factors may appear clearer when the actual currents of 
the great oceans are carefully considered 
The Currents of the Atlantic Ocean — ^The south-east 
trade wmd drives before it a well-marked South Equa- 
tonal Current which flows westward until it reaches 
the bulging eastern angle of Brazil , here it is divided 
mto two branches, the northern one of which flows 
parallel to the Guiana coast, enters the Caribbean Sea, 
and helps to form the Gulf Stream The southern 
branch goes southward, more or less parallel to the coast 
of Southern Brazil, as the Brazil Current This branch 
continues until it comes under the mfluence of the 
westerly wmds of the South Atlantic , here it turns 
eastward, as a less well-defined current, until its waters 
merge with the cool Benguela Current The latter 
current flows northward along the west coast of Afnca, 
where its cool waters have marked chmatic effects 
The rotatory cuculation of the South Atlantic is com- 
pleted when the water of the Benguela Current, now 
warmed, joins the South Equatonal Current 
Corresponding to the South Equatonal Current is the 
North Equatorial Current, which is driven westward 
by the north-east trade wmds On reachmg the Wmd- 
ward Islands of the West Indies part of it passes mto 
the Caribbean Sea and part flows away northward 
The warm surface water of the Caribbean Sea is dnven 
forward mto the Gulf of Mexico, where it tends to raise 
the level of that partially enclosed sea , the warmed, 
salty water is forced through the narrow Flonda Strait 
as the famous Gulf Stream, the best known of all ocean 
currents This current is over 300 feet deep, and its 
surface waters as it leaves the narrow strait have a 
temperature of 79°-8o° F , it has at first a velocity of 
4 to <5 miles an hour, and its waters are readily distm- 
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guisliable from those of the neighbouring seas This 
remarkable current flows parallel to the North American 
coast, widens out gradually and becomes shallower , 
its waters become cooler and less salty, until m about 



rir 20— Ocr\MC CircoiATiON or the Atlantic Ocean 

“W-irm” currcnN ire sho^^n b) cominuous lines, “Cold” currcnls 
b) broken lines The strenRtb md constancj of the currents ire 
broadi) indicated bj the thickness of the lines 
(Map drawn on the San'on Flamsteed Equal Area Projection ) 

40'’--}!° N , and especially when it meets the cold 
I^abrador Current, it turns off more to the east and 
gradualh ceases to be a Mcll-defincd current in mid- 
\tlantic Its waters now merge in the widespread 
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surface drift of the North Atlantic, which is driven 
north-eastward by the frequent south-westerly winds 
of that region This surface drift cannot be descnbed 
as a current in the true sense, as its waters are not clearly 
different from those of the surroundmg seas to the extent 
characteristic of well-defined ocean currents The surface 
waters move at very vanable rates at different times 
and m different localities, but the average velocity is 
httle more than 5 miles a day 

This surface drift gradually changes m direction and 
in distribution, a part of it contmumg past the British 
Isles, over the Scoto-Icelandic Rise and along the 
Norwegian coast , the other part curves round the high- 
pressure region of the North Atlantic to become the 
Cananes Current of the sub-tropical North Atlantic 
This finally joms the North Equatonal Current and the 
circulation is completed as m the South Atlantic 

To replace the water which is earned northward by 
the Gulf Stream and the North Atlantic Dnft there are 
cold currents commg from the Arctic Ocean mto the 
Atlantic The best known is the Labrador Current, 
which brmgs cold water and many icebergs from Baffin’s 
Bay and Davis Strait past the eastern shores of North 
Amenca mto comparatively low latitudes , the other is 
the East Greenland Current, whose cold waters, mmgled 
with those of the Labrador Current, seem to pass gradu- 
ally under the North Atlantic Drift There is an 
analogous cold current m the south-west of the South 
Atlantic which bears the appropnate name of the 
Falkland Current and which helps to give to the Falk- 
land Islands a chmate m many respects similar to that 
of Newfoundland 

FmaUy, it must be noted that between the North 
and South Equatorial Currents flowing westward there 
IS a distinct current of warm water flowmg eastward , 
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this IS the Equatonal Counter Current , it has been 
suggested that this is part of the water from the 
wesh^ard dnven currents "reflected” from the South 
Amcncan land angle already mentioned , but this 
explanation does not seem altogether satisfactory 
1 his current is more m evidence in the Gulf of Gumea 
tlian near the Amencan coast, and the convergence of 
the North Equatonal and South Equatorial Currents 
may help to form this swirl of surface water m the 
opposite direction 

The Currents of the Pacific Ocean — ^This ocean is 
much bigger than the Atlantic and its shape is different 
1 he Atlantic is somewhat hke a long S-shaped lane vuth 
roughly parallel sides , the Pacific is a vast sphencal 
tnangle with its base on the Southern Ocean and its 
apex at the narrow and shallow Bering Strait Hence, 
though the origin and general character of the currents 
are much the same, they are not so well-marked as in the 
\tlantic There is a rotatory circulation in the North 
Pacific which corresponds to that in the North Atlantic 
The North Equatorial Current m the Pacific is more 
interrupted bj^- island groups, the Kuro Sliiwo or 
Japanese Current is not so pronounced as the Gulf 
Stream though it occupies a similar place, and the 
North Pacific Dnft does not seem to have such marked 
effects as that of the North Atlantic The entry from 
the Arctic Ocean is narrow and shallow m the case of the 
Pacific, wide in the case of the Atlantic , hence the 
cold Kamchatka Current, though similar in general 
relationships, is not so powerful as the cold Labrador 
Current of the Atlantia The currents in the South 
Pacific may be followed on the diagram-map (Fig 21), 
and the general correspondence wuth the Atlantic 
currents wall be readily seen 

Tho Currents of the Indian Ocean. — In tins ocean it is 
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only the southern system which is fairly complete , 
the northern system is mainly cut out by the great 
Asiatic contment The general circulation is hke that 
of the South Atlantic and there will be no difficulty in 



(Map drawn on Mollweide’s Ilomolographic Projection, with i6o" W 
as the central meridian , the equatorial distance from E to W 
of the map is a semi circumference of the globe ) 

following the various currents and in appreciating the 
similarity In the Indian Ocean, north of the equator, 
there is a North Equatorial Current which normally 
would be expected to flow westward, and between this 
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Hr 22 Oceanic Circulvtio^ of the Indi/W Ocean— Januar\- 

(DrawTi on Gall’s Projeclion ) 



Pic* 23 — OcFAMC Circulation oi- thf Indian Ocean — Jul^- 

(Dra\\n on Gall’s Projection j 
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and the South Equatonal Current there is seen for part 
of the year the normal counter-current as in the other 
equatonal oceans It is of great interest to learn that 
m late ” summer ” both these currents are completely 
cut out by a monsoon-dnven current flowing from west 
to east The bearing of this remarkable seasonal change 
on the theory of the origin of ocean currents is obvious 

General Widespread " Drifts ” 

It has already been noticed that m the North Atlantic 
there is a surface drift of warm water, fed by the warm 
Gulf Stream and dnven by the prevalent south-westerly 
winds , and there is a similar dnft, though not so pro- 
nounced, in the North Pacific No doubt the earth’s 
rotation has something to do with the ongm of both 
these “ drifts ” and the currents from which they are 
fed, but it IS generally beheved that the winds are the 
more important cause In the great Southern Ocean 
there is little mterference by land masses and the 
westerly winds blow steadily aU the year round , further, 
they are more directly from the west than in the Northern 
hemisphere There is therefore a general surface drift — 
known as the Antarctic Dnft — which is remarkably 
steady m its eastward direction The surface water is 
cold and of less than normal salinity (33 5-347oo salts 
as a rule), and the cold eastward dnft is able to supply 
some of the cold water of the Peru, the Benguela and 
the West Australian currents, which play such an im- 
portant part m the circulation of the three great oceans 

Tides in the Oceans and Seas 

Among the most famfliar phenomena to dwellers on 
the edge of the seas are the tides The water nses and 
falls, comes m and retires some distance, or flows and 
ebbs, as we say, roughly twice m the course of a day 
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More accurately the average time between successive 
tides IS 12 hours 25 minutes, or for the two tides of the 
day, 24 hours 50 minutes 

Ordmarj^ observation teaches much about the tides 
but a complete explanation of all that happens is not 
) et available There are no tides, or only very slight ones, 
in inland seas , Uius m the Mediterranean it reaches 
only 2 to 3 feet The highest tides are expenenced in 
partially enclosed shallow seas and na-like estuaries 
That the tides are m some way connected with the 
moon IS obvious to the most casual observer, and 
the time interval mentioned above has to do with the 
rotation of the earth and the revolution of the moon 
round the earth The earth rotates once m 24 hours 
and the moon revolves in 28 days , therefore, to 
bnng a point on the earth's surface directly under the 
moon agam after one rotation, the time required will 
be 24 hours plus ^4 hours, which works out to 

24 hours 50 mmutes, approximately, and thus corre- 
sponds with the observed average time 
It is veil known also that the tides vary m height 
during a lunar month A few days after the new moon 
and the full moon the tides are higher than usual , 
these are the Spring Tides , for a few days after the 
first and tlnrd quarters of the moon the nse and fall 
of the tide are less than usual , these are the Neap 
Tides There is no absolute quantitative law connecting 
these two, but, speaking generally, the range of the 
spring tides is from two to three times as great as that 
of the neap tides 

There is also a half-j early vanation m the tides 
Soon after the spnng and autumn equinoxes the spnng 
tides are a httle higher than usual These unusually 
high tides are knovn as the Equinoctial Spring Tides 
The Cause of the Tides — ^To understand the cause ol 
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the tides more clearly it will help if we imagine the earth 
as a rigid globe surrounded by a homogeneous ocean 
The moon is distant from the globe by about 240,000 
miles Now the attraction of gravity is directly pro- 
portional to the mass and mversely proportional to 
the square of the distance The water on that side of 
the earth which is nearest the moon is approximately 
4000 miles nearer the moon than is the centre of the 
earth, which we may regard as the centre of mass of the 
globe There will thus be a difference m the moon’s 
attraction for the covermg of water as compared with 
the sohd globe, and the water " under the moon ” will 
nse or bulge upwards So also on the farther side of 
the earth from the moon , the sohd earth is nearer the 
moon and is attracted more than the water, and there 
IS a relative nse or bulge of the homogeneous ocean on 
the other side 

The above explanation does not show why there are 
spnng and neap tides at fortnightly mtervals , to 
account for these the differential attraction of the sun 
must be added to that of the moon The sun is im- 
mensely greater than the moon, but it is about 330 
times farther away from the earth and its tide-producing 
force is therefore less The tide-makmg value of the 
moon IS to that of the sun as 9 4, or, as given by Supan, 
57 26 Now, at new moon the sun and the moon are 
on the same side of the earth and not very far from 
bemg m a straight hne with it , hence their tide-produc- 
mg forces must be added At full moon the sun and 
moon are on opposite sides of the earth and agam the 
tide-makmg effects are to be added When the moon 
is at first and third quarters the direction of the sun 
from the earth is at nght angles to that of the moon, 
and it wiU be clear that the tide-producmg effects must 
now neutralise each other to some extent If the sun 



OR THE GEOGRAPHY OF THE SEAS 203 


liad as much influence as the moon there would be no 
tides at all , but, as pointed out above, that of the moon 
IS greater than that of the sun as 9 4, or as 57 26 
These values must now be subtracted, and the low neap 
tides are thus e\plained There will obviously be two 



Fig 24 — Tim as 1 roducld e\ Tiit Sun and Moon 
ACTING lOGFTHIR (AI NFW MoOV) 

The cficcts of the Iw o arc added Spring Tides result 


spring tides and two neap tides in a lunar month , and 
m the limit cases the range of the former would be to 
that of the latter as g 4-4 g -4, or about 2 6 times as 
great This theoretical value corresponds approximately 



Fig 25 — Tidi a^ n oducfd n\ Sun and Moon, whfn 
Tin Iapter is in Quadrature 

The effects of the two ire suhfracud Neap Tides result 


vith the observed value mentioned m the earlier part ol 
the section 

The ideal condition of the tides described above is, 
of cour'^c, not realised on the earth's surface with its 
irregular distribution of land and \sater The theoretical 




Fig 26— Co tidal Lines or the Atlantic Ocfan 


Showing the advance of the tidal wave from the Great Southern Ocean, 
— somewhat generalised (after the late Sir Gcoige Air), once 
Astronomer Royal) 

(Drawn on Gall’s Stcreographic Cylindncal Projection ) 
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tidal waves, with their crests and troughs X2 hours 
25 minutes apart in time, cannot travel round the world, 
c\cept in the Southern Ocean, because the continents 
stand athwart their course as bamers There seems 
little doubt that mdependent tidal waves origmate in 
the three great oceans — the Pacific, the Atlantic and 
the Indian , but the actual resultant wave that we 
know seems to be the one that develops m the South 
Pacific and Antarctic oceans, that is, m the greatest 
expanse of oceanic waters, and this wave absorbs the 
others This great tidal wave from the Southern oceans 
enters the Atlantic between Afnca and South Amenca 
as a lateral wave and moves along the ocean from 
south to north as along a wide, deep and winding canal, 
ovcrv\ helming and absorbing the Atlantic’s own tidal 
wave 

The tide m the mid-Atlantic causes a nse and fall of a 
little over 2 feet, as is sho\vn on tide gauges on oceanic 
islands, but as the wave motion comes to the wide 
continental shelf there is much interference by fnction 
against the shallow floor, the downward movement of 
the water particles is partly suppressed and the upper 
part of the wnve moves forward and piles up into a 
liigher wa\e In shallow seas and more especially in 
funnel-shaped estuanes, such as nas, the piling up 
process produces a bore or eagre Examples are well 
known from the Se\em, the Humber, the Bay of Fundy, 
the Yang-tse-Kiang and many other estuanes 

The Atlantic tidal wave approaches the Bntish Isles 
from the south-west and divides mto " branches,” one 
of which tra\els up the Enghsh Channel and the other 
round the north of Scotland These two branch waves, 
one of which is 12 hours behind the other, meet almost 
opposite the mouth of the Thames, and a reinforced 
tide enters the narrownng estuarx" of that import'^nt river 



Fig 27 — Diagrammatic Mai showing Co tidal Links round hie 

Brihsh Isles 

?o6 
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On the other hand there are places in the North Sea 
\\herc one ^vave neutralises the other and there is little 
or no tidal rise and fall The study of these and other 
local conditions belongs to the geography of special 
regions In all such studies maps of co-tidal Imes vnU 
be found useful , these are lines drawn through places 
which have high tide at the same time Examples are 
seen m Figs 26 and 27 
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CHAPTER XI 


ECONOMIC GEOGRAPHY OF THE ROCKS 

Many kinds of rocks and some of the contents of rocks 
are of great use to man and of considerable importance in 
modern life, hence the geographer should study some of 
the principles connected with the occurrence of those 
locks and rock-contents which are of economic value 

The Uses of the Rocks themselves 

These uses are many and vaned , we shall discuss 
them under four heads 

(a) Building stones 

(b) Ornamental stones 

(c) Paving stones and road metals 

(i) Miscellaneous uses of some rocks 

Buildmg Stones — In the more advanced civihsations 
and in thickly peopled distncts the use of rocks for 
building purposes assumes great proportions If hard, 
durable, and easily-worked rocks are readily obtained, 
it may be taken for granted that such will be used for 
houses, factones, and vanous other buildings Many 
different lands of rocks are used, and it is only possible 
to mention some of the more important 

Sandstones and Grits. — These are perhaps the 
most widely used of all building stones They are 
plentiful, widely spread, readily obtained, cut and 
tnmmed without very much difi&culty, and they are, as 
a rule, durable In the Bntish Isles, sandstones from 

ao8 
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many geological S5^tems are used The Tomdon 
Sandstone of the north-west of Scotland is freely used 
m that part of the northern Highlands w'here it occurs 
Gnts of Cambnan age are used in North Wales 
Ordovician and Silunan gnts are also used in Wales 
The Old Red Sandstone yields excellent building stone 
in the Malvern Hills and in Herefordshire Tintem 
Abbey and Chepstow Castle are examples of old build- 
ings in which the rock has been used , in both cases the 
sandstone has suffered considerably from the long 
continued weathenng It is also quamed in many 
parts of Scotland Hugh Miller, the famous Scottish 
stonemason geologist, worked for a long time in the 
sandstone quames at Cromarty and the north side of 
the Moray Firth In his My Schools and Schoolmasters 
he says " Getting a suit of strong moleslan clothes, 
and a pair of heavy hob-nailed shoes, I only waited for 
the breaking up of the ivinter frosts to begin work in 
the Cromarty quames The quarry in which I 
commenced my hfe of labour was a sandstone one, 
and exhibited in the section of the furze-covered bank 
w’hich it presented, a bar of deep, red stone The 
deep, red stone formed part of an upper member of the 
Lower Old Red Sandstone '* 

The sandstones and gnts of the Carboniferous system 
are \ery wadcl}' used as building stones, both the rather 
coarse, hard gnts from the Millstone Gnt formation, 
and the finer-grained sandstones from the Coal Measures 
Some of the more famous stones and localities are the 
Pennant Gnt of the Forest of Dean, the Darley Dale 
sandstone of Bakewell, the sandstone of Glossop, the 
sandstones of Bnghouse, Queensbury, and Bingley, in 
the West Riding, the sandstones of Rochdale, Bacup, 
Bumlej and Nelson, the gnts of the distnct near Colne, 
Bramle\ near Leeds, and the Craigleith Sandstone 
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near Edinburgh The abundance of these Carboniferous 
sandstones has been a great factor in the economic life 
of many parts of the Pennmes, where the commodious 
stone-built houses of the working classes are well adapted 
to the somewhat stem chmate of the hills 

The New Red Sandstone (Permian and Tnas) yields 
good building stone near Nottingham and Derby, at 
Mansfield, at Runcorn, and near Birkenhead, at Pennth 
m the Eden Valley, at Dumfnes, and at Elgin in North 
Bntain As a rule the New Red Sandstone is easily 
quarried and worked, but it is not so durable as the sand- 
stones of the Carboniferous A very good example of a 
New Red Sandstone is Furness Abbey, near Barrow The 
stone, which is St Bees Sandstone from local quarries, 
IS now very considerably weathered Sandstones newer 
than the Trias are not very widely used m Britain, but in 
other parts of the world there are many good building- 
stones of much newer age In the Tertiary basin of 
Paris there is a sandstone which has been very largely 
used for buddmg, and a similar rock of Tertiary age has 
been used in Carolma, USA A sandstone of recent 
age, formed by the consolidation of the sand of sand 
dunes by sea water, has been much used m Cape Tov n 

North Amencan Building Stones — Cambnan sand- 
stones, from the Adirondack Hills of New York State, 
furnish excellent bmlding stone , their reddish brown 
colour, evenness of grain, and ready accessibihty have 
made them favounte stones for the purpose In the 
Atlantic coast cities, Ordoviaan and Silunan sandstones 
have been extensively used These are quarried in many 
parts of the Appalachian mountain system Suitable 
Mesozoic and even Camozoic sandstones abound in the 
Western States, providing an inexhaustible supply of 
good building stone 

Limestones — ^These rocks are also frequently used 
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for building purposes The Oolifac hmestones of the 
Bntish Jurassic system furnish some of the most 
valuable and most famous building stones The free- 
stones ^ of Portland, Bath, Painswick (m the Cotswolds), 
Ketton, Stamford, and Ancaster are all famous examples 
of Oolitic limestone used for building St Paul’s 
Cathedral is a good example of Portland stone Similar 
Oohtic hmestones are worked at Caen in Normandy 
Canterbury Cathedral and Westminster Abbey are 
bmlt from the cream-coloured Caenstone 
Tlie Magnesian Limestone, which occurs m the Per- 
mian sj stem, on the eastern side of the Penmnes, has been 
largely quarried for building purposes near Doncaster, 
Mansfield, and Bolsover The Houses of Parliament m 
London are built chiefly of this stone from the Bolsover 
distnct Many of the famous country seats of the 
Trent region are built of it, and it lasts very well m the 
purer air of the country Castles built by Wdliam the 
Conqueror have lasted veil, as has also York Minster , 
but the acid-tamted air of London is slowly but surely 
dostrojing it, and much of the fine chisellmg of the 
Houses of Parliament now presents a sorr}' appearance 
1 he front of the Museum of Practical Geologjf m Jerm}Ti 
Street is Magnesian Limestonie, and has stood w'ell , it 
inaj be to some extent a case of good selection of the 
stone The life of a building stone, and consequent!}' 
Its suitabilit} for use, depends not only on its own 
nature, but on the district m which it is to be used 
\ fresh-water limestone, formed of fresh-water shells 
and the nucules of calcareous algai, has long been 
worked at Binstead m the Isle of Wight It belongs 
to the Bembridge beds m the Oligocene system ^lany 
of the older churches of Hampshire and the Isle of 

* \ is one which c'Wl be worked almost cquall> W'ell 

in all di-cctions 
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Wight are built of it, and it was long known as the 
Quar Abbey Stone 

The nummuhtic hmestone of Eocene age is weh 
known to visitors to the Great Pjrramids of Egypt 
The disc-hke forms of these large foraminiferas are 
among the best-known cunos of the visitor to Eg5rpt 
In Flonda hmestones formed of accumulations of 
hving species of shells have been used m the construction 
of buildings 

Slate — ^This member of the argillaceous group of 
sedimentary rocks is of considerable importance m the 
building industry Slates are usually found m the older 
systems, and m locahties where much lateral pressure 
due to mountain-folding has taken place 
Famous Bntish locahties are Llanbens and Penrhyn 
in the Cambnan of North Wales, Festmiog in the 
Ordovician of North Wales, in the Devonian rocks of 
Devonshire, and in the Archsean of Argyllshire The 
green slates of Borxowdale and other parts of the Lake 
District are beds of fine-grained volcanic ash which 
have had cleavage developed by pressure so that they 
spht into thin regular layers 
Clays and Shales — These are used for makmg bricks 
The London Clay has provided bricks for the building 
of a great part of London , the Gault clay of the Clay 
Vale, the Lias claj-s of the Midlands, and the Oxford 
Clay of Fletton, near Peterborough, are also largely used 
m brick-making The shales of the Coal Measures are 
ground by machmery mto a paste, and excellent bncks 
are made from the “ clay ” thus produced Accrmgton, 
in Lancashire, and Ruabon, in North Wales, are famous 
for bricks made from these coal-measure shales Most of 
the houses m many big toivns are built of bricks , the 
importance of clay and shale is therefore obvious 
The clays which frequently occur under the coal- 
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seams of the Coal Measures (and which are known as 
“ under-clays ”) are almost free from alkalies In 
consequence these clays are sufficiently infusible on 
heating to be made into firebneks for the hnings of 
furnaces 

Igneous Rocks — ^These are used for ordinary buildings 
only in the neighbourhood of their occurrence For 
example, the grey Aberdeen granite is used in Aberdeen 
and the immediate distnct Granite from vanous 
localities IS imported into towns for the facing of im- 
portant buildings Thus in many London streets one 
may see shop-fronts, banks, etc , faced with Shap 
granite, the large crystals of pink felspar in which rock 
immediately arrest the attention The pillars in front 
of St Pancras Station are made of this granite 
So also the large white crystals of felspar in the grey 
granite of Dartmoor may be frequently seen in London 
and other southern towns London Bndge is a good 
example Granite from Aberdeen is, of course, very 
Irequcntly seen , it is especially common in many parts 
of the city of London Granite from the Moume 
mountains ma3’' be seen in the steps of the Albert 
Memonal in Hx^de Park A famous plutonic rock allied 
to granite has been imported into Bntain from Laurvig 
on Chnstiana Fiord When polished its large crj’stals 
of ‘=oda-fcLspar impart to this rock a sinking appearance 
This “ Laurxngite ” has been largely used not onl}' in 
London but in many a provincial towm Syenite and 
diontc are also frequently used Cleopatra’s Needle is 
irequenthr called a sj'cnite , it is more accuratelj^ de- 
senbed as a homblendc-granite The more basic rocks 
are less durable and very heaxy , hence gabbros are 
not used so frequently 

Rhxolitcs and trach3des are frequentl3' used as 
building stones because they are relatixely hght and 
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durable ; basalt has too splintery a fracture to be 
readily worked, so that its use is hmited and local 
Basaltic columns have, however, been widely used in 
building piers, breakwaters, and sea-walls For example, 
basalt from the banks of the Rhine, showing good 
hexagonal columnar structure, was used in building the 
central sea-wall at Blackpool Many of the sea-walls 
and artificial levees in Holland have been largely bmlt 
of the same lava columns Italian cities are largely 
bmlt of tuff, that is, solidified volcanic ash 

Metamorphic Rocks — Schists and gneiss are fre- 
quently used as bmlding stones Gneiss is quite as 
good as granite as a rule, though it is apt to be more 
vanable in appearance Finely laminated schists are 
used in many mountain regions , unless they are very 
fine grained they are apt to flake somewhat along the 
fohse of mica, and are thus not so smtable as gneiss. 
The quarrymen of Switzerland call the more even 
grained sclusts " Granit," and these schists are widely 
used there as building stones 

We have chiefly considered houses, churches, factones, 
public bmldings, etc In addition to these we may 
mention docks, breakwaters, fortifications , these are 
often built of the harder igneous and metamorphic 
rocks, the hard resistant granites being the commonest 
of these stones 

Ornamental Stones — ^There is no absolutely clear 
division between these and bmlding stones , the stones 
used in facing many important buildings, and m making 
the pillars of banks, hotels, etc , coming partly under 
both heads The chief reqmsite for an ornamental stone 
is that it is capable of taking a high pohsh , many show 
in addition a beautiful play of colours In general they 
are obtained from the igneous and metamorphic rocks, 
or from sedimentary rocks which have been at least 
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considerably altered They are, therefore, charactenstic 
of mountain regions Two important kinds, marble 
and serpentine, may be considered here 
Marble — This is a calcareous rock capable of taking 
a higli pohsh The name sometimes connotes a meta- 
morphic rock, but in trade it sigmfies any calcareous 
rock (often including even a serpentine) capable of being 
polished Many of the Bntish “ marbles ” are simply 
fossihferous hmestones, in which such fossils as cnnoids 
and corals make pleasing contrasts with the ground 
mass when the rock is pohshed A fine marble from 
Tiree in the Inner Hebndes is of Archsean age There is 
a Cambnan marble in Skye Devonian hmestones 
from Torquay contain corals and pohsh well , sirmlar 
rocks of Devonian age occur in the Ardennes and 
Eifel The infiltration of iron has sometimes pro- 
duced thin red streaks, and these show up well when 
the rock is pohshed , a good e\ample is the Devonian 
hmestone of Plymouth There are many Carboni- 
ferous hmestones which take a good pohsh and to 
which the name *' marble ” is then apphed The red 
marble of Cork and the black marble of Kilkenny , the 
Derbj^lure marble of Wirksworth , the Dent marble of 
the est Riding of Yorkshire, and the beautiful coral 
limestone of Frosterley m Durham are British Carbon- 
iferous “ marbles ” Rocks of the same age which take 
a high polish are common in Southern Belgium The 
‘ Petit Granit ” of the \ alley of the IMeuse is a dark- 
coloured Carboniferous limestone \nth corals shovang 
up V Into on the dark ground There are many similar 
Carboniferous “ marbles ” in the United States 
Ihe “ Purbeck Alarble ” of Svanage consists chiefly 
of shells of Paludma, a fresh-vatcr gasteropod This 
rock takes a fairh high pohsh and has been used by 
\\a} of contrast inth the a^hltc and cream-coloured 
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stones for the columns of some of the cathedrals and 
churches of the South of England 
Marbles, both as understood above and of the true 
metamorphic type, are common in North Amenca 
Fine white statuary marble comes from Rutland, Ver- 
mont Marbles are, in fact, found in scores of places in 
the eastern mountain system and in the old rocks of the 
Laurentian region They include vanous kinds, red 
marbles, black marbles, white statuary marbles, and 
bluish vaneties Marbles are also found in the western 
mountains in Colorado and Cahfomia 
Some of the famous marbles of antiquity and of the 
Middle Ages have come from Italy and Greece The 
famous Panan marbles from the Island of Paros and 
turquoise-blue marbles from Seravezza, Italy, are 
examples “ Mandelato ” shows yellow spots on a red 
ground and is found in Italy, and “ Predazzite ” is found 
m Predazzo in the Tyrol These are only examples 
selected from a great number of occurrences 
Serpentme — Tins is a rock produced by the alteration 
of basic and ultra-basic igneous rocks It is tough, 
soft, and compact and of very vanable colour, showing 
shades of yellow, green, and deep red, with streaks and 
veins and motthngs of vanous colours The name 
serpentme was given because of its supposed similarity 
to the markings on a serpent 
There are four chief Bntish locahties the Lizard 
distnct in Cornwall, Valley near Holyhead in Anglesey, 
near Bahantrae in south-west Scotland, and Portsoy in 
Banffshire. A serpentinous “ marble ” occurs in Conne- 
mara, and IS commonly made into charms and ornaments 
In consequence of its habihty to attack by acids, ser- 
pentine IS httle used for outside work 
Paving Stones and Eoad Metals. — ^The provision of 
paving-stones and setts for the streets of towns is now 
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.in important problem, and the nature and source of 
some of the stones deserve the attention of the student 
of geography Hardness, durabihty, and reasonable 
lightness are the obvious desiderata in paving stones 
The last named quahty may be illustrated by concrete 
•e\amples which tviU serve as illustrations of general 
pnnciples Some quames were formerly worked in 
gabbro at Llanfaglan in Carnarvonshire The ivnter 
once nsited these quames to study the rock from the 
geological point of \new A local fanner was much 
interested, and pointed out that the quames had to be 
closed because buyers, who usually buy the rock by 
the ton, could get much larger bulk in other rocks for 
the same money Gabbro, of course, has a much higher 
specihc gravity than granite, hence there is not so 
great a cubical content in a ton of the rock Another 
example was as follows A north-east Lancashire town 
expenmented in the use of a German vesicular trachyte 
as a paving stone As the local surveyor pointed out, 
the vesicular character of the rock made it very hght, 
and a ton contained a much larger number of average- 
sized panng stones than usual It would therefore be 
a cheap rock to use Unfortunately, it did not wear 
well under the heavy traffic of a Lancashire manu- 
facturing tow'n, and much of it had to be taken up and 
replaced by a more compact rock , the expenment w’as 
a failure 

The examples quoted are from igneous rocks, the one 
a plutonic, the other a volcanic rock Igneous rocks 
now supply the bulk of paving stones Some famous 
localities are The granite of Cnffel and Dalbeattie in 
south-west Scotland, the compact granites of Cham- 
wood Forest in Leicestershire, the dionte of Penmaen- 
mawr in North Wales, the dolente of Pwllheh, North 
Wales, the Cle\ eland Dyke of North Yorkshire, and the 
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Whin Sill of Teesdale and Weardale There are very 
many other igneous rocks in other localities 

Most of these rocks are also broken up for road 
metal Other famous road metals are the igneous rocks 
of the Lake Distnct, especially Threlkeld, near Keswick 
“ Rowley Rag ” is a basalt from South Staffordshire, 
which has been very largely used m the Midland and 
Southern Counties 

A quartzite rock from the Cambnan of the low hills 
near Nuneaton is used in large quantities for road metal 
in the Enghsh Midland Counties The chief quarries 
are on Hartshill 

Paving stones and setts are frequently made from 
the harder beds of the Millstone Gnt , especially are these 
used in the towns of Lancashire and the West Riding, 
where carnage for the stone is not heavy because of 
the short distance Rossendale, Whalley, and Bam- 
oldswick are locahties where Millstone Gnt paving 
stones and setts are obtained Hard flagstones, 
frequently used in northern towns, are obtained from 
Rossendale and from the moorlands in the neighbour- 
hood of Hahfax and Bradford 

The hard, dark-coloured hmestone of the lower 
Carboniferous is frequently used for macadamised roads 
in the Pennines, where that type of rock is plentiful 
and easily obtained 

Some Miscellaneous Uses of Eocks — Limestone is 
of very great importance in many processes Very 
large quantities are used in iron smelting, where it is 
added to the ore and the coke in the furnace so as to form 
a slag with the sihceous impunties in the ore For iron 
ores containing phosphorus, dolomitic hmestone (that is, 
composed of magnesium and calaum carbonates) is used 
This IS the famous “ basic process ” discovered by 
Thomas and Gilchrist 
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Lime IS formed by roasting or ** burning ” limestone 
in a linie-kiln There is a big demand for lime to be used 
as manure on the land It is also largely used m the 
preparation of skins for the tannmg processes in leather 
manufacture , for absorbing impurities m coal-gas 
manufacture , and in the manufacture of caustic soda 
from sodium carbonate or common soda Fmally, it is 
used in makmg cement, mortar, etc , for buildmg Port- 
land Cement is usually made by heatmg together lime- 
stone and clay m proper proportions It will thus be 
seen that lime is a most important compound, and that 
the presence of limestone is one of the factors which 
determine the possibility of many trade processes 
Millstone Gnt — ^The name was ongmally given to 
this formation because millstones for grinding were 
made of its coarse, hard sandstones In the old corn- 
mills of the Pennine vallej^s, where the locally gro^vn 
oats were ground mto oatmeal, the grindstones were 
made of Millstone Grit These have long smce passed 
out of use, except occasionally, but recently grindstones 
of Millstone Gnt rock have been in demand for quite 
another purpose In a quarry at Colne, in north-east 
Lancashire, there vere at one time numbers of large, 
round, that is, disc-shaped stones, some four or five feet 
in diameter and about two feet six inches in thickness 
These were for export to eastern Canada, w^here they w^re 
to be used for grinding timber into wood pulp A quarry 
m Millstone Gnt near Keighle}^ in the West Riding of 
Yorkshire was acquired b}" a North American lumbering 
companj for the same purpose It is not apparent to 
the wTitcr why suitable stone cannot be obtamed nearer 
the lumbcnng region , it seems a long distance to take 
grindstones across the \tlantic It is, however, a good 
example of the interdependence and mtcmational 
character of industries in modern times 
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Another mention of Millstone Gnt, and some of the 
similar gnts of the Coal Measures, may be not out of 
place Sheffield has long been noted for its cutlery 
One factor which has made for its success in that 
industry has been the presence and abundance in the 
neighbourhood of gnt-rock suitable for gnndstones In 
the earher days of the development of cutlery manu- 
facture, the advantage denved from suitable stone was 
emphasised by the occurrence of numerous streams, 
well fed by the abundant Pennine rams, which were 
used to dnve the cutlers’ gnndstones 

Rock Salts — In all the continents there are, in the 
present geological epoch, regions of internal or closed 
drainage, where the nvers do not reach the ocean, but 
pour their waters into salt lalces, where, on the whole, 
evaporation keeps pace with water supply The soluble ‘ 
salts wluch are dissolved in the water of all nvers thus 
accumulate until the saturation-hmit is passed and 
precipitation occurs These internal-drainage lakes are, 
as may be expected, vanable in area according to the 
season, or from j^ear to year according to vanation in 
rainfall In the shallower, extenor parts of such salt 
lalces, precipitation of salts occurs regularly and large 
supplies are obtained from such sources The Kara 
Borghaz (the eastern gulf of the Caspian Sea), for example, 
5nelds large quantities of salt There is a regular 
current from the mam body of the Caspian into that 
gulf, the bottom of wluch is encrusted with a layer of 
salt A good deal of salt is obtained from the great 
Salt Lake in Utah, USA Lesser salt lakes, such as 
the Sea of Aral, the Dead Sea, and scores of others, 
yield either common salt (sodium chlonde) or that salt 
mixed with others 

The water of the ocean contains, on an average, 
about three per cent of dissolved salts , many of these 
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inland salt lakes contain much larger proportions 
The Great Salt Lake of Utah, USA, contains 22 per 
cent , the Dead Sea of Palestme, 24 per cent , Lake 
Van in the Armenian Highlands, 19 per cent. 

The different salts vary in proportion as magnesium 
salts are more soluble than sodium salts, and when the 
latter have alreadj’^ crj’’stallised out, the relative propor- 
tions of the magnesium chloride iviU be increased Great 
Salt Lake contams eight times as much sodium cliloride 
as magnesium chloride, but the water of the Dead Sea 
has more magnesium chloride than sodium chloride, 
vith a large proportion of potassium chloride Lake 
Van contains sodium sulphate and sodium carbonate 
A lake which is very rich m carbonate of soda is Lake 
Magadi, situated about 60 miles south-west of Nairobi, 
in Kenj^a, East Africa Except m the rainy season it 
IS a solid mass of crystalline sesquicarbonate of soda It 
IS w'orked b}^ the Magadi Soda Company Ltd 

It iviU be clear that deposits of common salt or other 
salts will be formed in the strata of these regions, and 
that they w'lll alternate wnth sands and marls formed m 
these internal drainage lakes We may therefore expect 
beds of rock salt to be found in those geological systems 
wheresimilar conditions have held, and such salt deposits 
are quite common In New York State there occur salt 
beds in Silurian strata , these are beds of rock salt and 
g3 psum which reach as much as 300 feet in thickness 
Carboniferous salt deposits are found in Michigan The 
lower beds of the famous salt deposits of Stassfurt in 
Prussia are Permian One boring has passed through 
lancd salt deposits well o\er 3000 feet in thickness 
The salts found are sodium, potassium and magnesium 
chlorides, and gj psum The salt beds of the deep boring 
of Sperenberg, north of Berlin, are of Permian age The 
borc-holc passed through about 4000 feet of salt deposits 
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The salt deposits of the British Isles are in the Triassic 
rocks, as are some of the other salt beds of the Con- 
tinent There are Jlesozoic salts in Texas and the other 
Southern States. Tertiary salts are also found in the 
same region, one boring m Louisiana passing through 
1800 feet of salts. The most famous Tertiary salt rocks 
are those of Wieliczska, near Cracow, in Poland These 
have been worked for ages, and the occupation of these 
salt mines by the Austrians in 1770 was one of the first 
important steps in that partition of Poland which has 
brought so much trouble to eastern and central Europe. 

These immense salt deposits are of great geographical 
importance not only for the immediate salts obtained, 
but for the industries dependent upon them. Not only are 
these salts used in foods and for agriculture, but the}^ 
form the raw material of manj^ chemical manufactures 
Consequently such manufactures are found m, or near, 
large salt deposits The great chemical mdustry of the 
Mersey is located between the salt supplies of Cheshire, 
and the rich coal supplies of the South Lancashire coal- 
field, and where the Mersey, the Ship Canal, and the 
smaller canals offer ready facilities for mter-carriage and 
for import and export The Stassfurt salt deposits have 
been the foundation of the flourishmg chemical industries 
of Saxony and the adjoinmg parts of Prussia 

Finally, in this connection, we may notice a modern 
exceptional deposit, a rock m the true sense, which 
occurs in the desert region of western South America 
In the desert of Atacama m Peru is a deposit, chiefly of 
sodium nitrate (NaNOg), occurring on the mountams up 
to heights of 5000 feet This surface deposit of such a 
highly soluble salt is, of course, only possible m a rain- 
less region The beds of “ caliche,” as the impure salt 
IS called, contam in addition iodides and potassium salts 
The ongin of these extraordinary deposits has not yet 
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been fully e\plained Perhaps they are due to the 
decomposition of immense masses of sea-iveeds, left to 
decay and alteration after the uphft of an old sea bottom 
on which had grown vast quantities of such weeds 
Other explanations have, however, been put fonvard 
These nitrate deposits, with their somewhat subsidiary 
iodides and potash salts are now important sources of 
nitnc acid and of iodine, as well as potassium compounds 

Rocks as Fuels 

The formation of rocks from decayed vegetation was 
referred to in Chapter I A full account of the origin 
of peat and coal would take us too far mto the science of 
geology As students of geography we may here glance 
at the economic aspect of the occurrence of these 
vegetable deposits 

Peat — This occurs in large quantities in cool, tem- 
perate regons both on the wider moorlands and in the 
marshy lowlands Typical regons are the Southern 
Uplands of Scotland, the moors of the Midland Valley 
of Scotland, the broad gnt moors of the Pennines, large 
areas in the Central Plain of Ireland, the l^Iountains of 
the North and West of Ireland, and the Low Countnes, 
X c parts of Belgum, Holland, and Northern Germany 
Peat IS cut and dned and is used for fuel, as htter for 
cattle and horses, and occasionally for the generation of 
ammonia b}* destructive distillation Compressed peat 
m the form of bnquettes has been exported from 
Holland and North-west Germany in large quantities 
In the poorer parts of Ireland peat is the chief, almost 
the only, fuel used in the homes 

CoaL — ^This valuable fuel occurs in layers or scams, 
which arc often remarkably regular in thickness over 
wide areas These seams vary' from a few inches to 
many feet in thickness A seam is usually worth working 
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if it IS two feet or more in thickness and not very difficult 
of access Seams which are actually worked vary con- 
siderably in tluckness, as may be expected Many famous 
Bntish seams are from three feet to six feet thick The 
famous Dudlej^ Main seam in the South Staffordslure 
coal field has a thickness of tuelve feet in places 

Coal-seams only form a very small fraction of the 
strata in wluch they occur In the Burnley coal-field, in 
a generalised section of about 2360 feet of coal measures, 
there are twelve workable coal-seams of a total thickness 
of a little over 30 feet The rest of the Coal Measures 
are shales, sandstones, fireclays, and very thin coal 
seams, the total coals, workable and unworkable, being 
about 54 feet 

In the British Isles there are few workable coal-seams 
in strata other than the Carboniferous system , the 
exceptions are a variable seam in the Jurassic system at 
\\niitby, of rather poor coal, and a seam in the Jurassic 
of Brora in Sutherlandshire These seams are of httle 
value economically , they are of considerable geological 
interest, however 

Workable coals occur in geological systems from the 
Devonian to the Tertiary [sec Chapter I ) The oldest 
real coal-seams Icnown are found in Bear Island in the 
Arctic regions A seam over three feet in thickness 
occurs there in the Devonian strata 

Coals of Carboniferous age are wdespread and 
include the nchest coal deposits in the world They 
occur in Europe, Asia, and North Amenca Coals of 
upper Carboniferous and Permian age are found in 
Austraha, India, South Afnca, Argentina, and Clule, 
that IS, in the Southern Hemisphere chiefly They are 
a httle newer than the cluef coal-fields of the Northern 
Hemisphere 

Most of the small coal-fields of Central France are of 
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Permian age, as are those of Saarbrucken m Lorraine 
and those near Dresden and m Bohemia 
Tnassic coals are found m Virgmia, USA, and m 
Japan , and Jurassic coals occur in Bntain as alreadi 
mentioned, and at Funfkirchen m the Danube-San 
region of south-west Hungary Cretaceous coals an 
worked m Washington, USA, Alberta, Bntish 
Columbia, New Zealand, and Japan 
Tertiary coals are worked in Germany, Hungary, 
Japan, and the north-west region of the United States 
Rich coalfields of this age have been found in Spitzbergen 
The more recent coals are usually of the vanety known 
as hgnite or brown coal These coals are less compact 
than the older coals, and usually still retain some of the 
onginal \egetable structure They are not so valuable 
as the coals of Carboniferous and Permian times 
A map of the chief coal-fields of the world is given 
on page 226, from which it iviU be seen how w ell supplied 
are Europe, North Amenca, and Eastern Asia 
The dificrent varieties of coal are of great importance 
1 he usual classification of coals as bituminous, cannel, 
and anthracite may not fully satisfy modem science, but 
from an economic point of view it is a convenient one 
Bituminous Coal is the general name given to the 
coal burnt in our ordinary grates , it is stratified, sphts 
rcadilv along the bedding planes, soils the fingers on 
handling, parth melts in the grate in burning, and 
gnes out gas and pitchy or bituminous matter It is 
usualh somev hat shiny in appearance, especiall}’’ along 
the bedding planes 

Cannel Coal is not so plainly stratified , it breaks 
wath a splinter}, irregular fracture, is dull, black, and 
hard, and soils the fingers very little It burns wath 
a crackling noise, and when heated gives off a good 
deal of pas Yhen luminous coal gas was more in de 

IS 
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mand, large quantities of cannel coal Mere used m the 
gasworks of the country 

Anthracite is an important modification of coal 
occurring ivhere there has been much folding of the 
strata It is probably not due to compression merely, 
but owes its charactenstic properties in some measure 
to onginal peculiarities of composition It is the 
hardest kmd of coal, has a shiny appearance, burns 
mth comparative difficulty, emitting little or no smoke, 
and leaving very little ash It is of great value for war- 
ships which burn coal, as no trail of dense smoke is left 
behind It is now' largely used m certain kinds of slow’ 
combustion stoves The supplies of good anthracite 
are limited to certain regions , South Wales, Fifeshire, 
the Donetz Basin, Pennsylvania, and Japan being among 
the best know'n The possession of large supplies of 
Hus valuable kind of coal is certainly a great asset to 
Britain The discussion of the question of its exporta- 
tion to non-Bntish countries belongs rather to politics 
than to geography 

The question of the duration of our coal supplies 
has exercised the minds of statesmen, mining experts, 
and geologists This is of such importance that two 
Ro\ al Commissions have sat and taken evidence wathm 
the last half-century On the whole, there is, perhaps, 
less alarm now’ than there was some years ago, because 
coal-seams are now so largely worked by bonng through 
ovcrhing strata such as the Kew' Red Sandstone In 
the South Yorkshire coal-field the actual mining field 
now extends far beyond the limits of the coal-field as 
marked on a geological map Large supplies of coal 
arc now’ obtained from these " buned coal-fields ” Tlie 
limit of such operations is reached when the dip of the 
coal-seams cames them down to such a depth that 
difncultics of ventilation and expense of lifting the coa) 
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become too great, and the working does not pay Coal- 
seams are now worked at a much greater depth than 
formerly 

The coal output of the world now amounts to about 
1000 milhon tons per annum In the year 1933 the 
United States of America contributed about 33 per cent 
of this output, Great Britain about 20 per cent , Germany 
10 per cent , and France 4^ per cent {See Note ) 

The British Isles exported nearly ^^33, 000, 000 worth 
of coal and coke in 1933 The total value of the coal 
obtained was well over ;;^i30,ooo,ooo Nearly a milhon 
persons are employed in the British coal mines in 
normal times 

In the closing part of this chapter bnef mention may 
be made of the remarkable influence of coal supplies on 
the distnbution of population Coal is so largely used, 
not only for fuel in the ordinary sense as a source of 
heat energy but for gas manufacture, and for the 
production of coke for smelting, that abundance of it 
may be reckoned as the first necessity of a busy in- 
dustnal region In the countnes where manufactures 
employ large numbers of people the thickly peopled 
regions are very often in or near coal-fields The 
student should compare a map of the distnbution of 
the population in England in say 1700, with the dis- 
tnbution in 1900, and then place the map shoiving the 
latter side by side with a map of the coal-fields , the 
correspondence of the two maps is stnking The dis- 
tnbution of coal supphes will come up again in con- 
nection with the smelting of metals 

There is some possibility that the pre-eminence of 
coal may be challenged in the future , as coal becomes 
dearer, manufacturers are compelled to look out for 
other sources of energy, and electricity generated from 
waterfalls in mountain regions is bemg more and more 
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u^cd There may possiblj'' be a new distribution of 
creat industrial regions in the future , the dominant 
factor maj- be abundance of water-power and coal may 
talvC a second place That phase of industrialism is 
not5et hoMc\er 
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Note 

The economic and financial crises which ha\e occurred 
diirinsx the la^-t few \tais in almost e\cr}’’ counlr^ in tlie 
world hi\c restricted international trade and aflccted out- 
put in man^ mineral and \cgetablc commodities The 
iK urcs eneii in this and subsequent chapters arc therefore 
liable to \ ar\ from } ear to 3 ear Recent returns can alwa} s 
obtained from the current issues of H hUaher's Almanac 
f/r Sfit ^man's Yea) Book, and from the publications of 
the 1 o ird of 1 radc 
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ECONOMIC GEOGRAPHY OF THE ROCKS (Contd ' 
Rock Contents 

In the preceding chapter the uses of the rocks them 
selves were discussed , we now turn to some of those 
substances of economic importance which are obtained 
from the rocks Rocks as fuel were considered in the 
latter part of the chapter , we will commence this 
chapter by some study of those fuels which occur as 
occasional constituents of certain rocks 

Petroleum and related Substances — From the rocks 
of many parts of the world gaseous, hquid, oi sohd 
substances which will bum readily are obtained They 
are practically aU compounds of carbon and hydrogen, 
and are therefore generally spoken of as hydrocarbons 
They are found in sedimentary rocks of all ages from 
Cambnan to Recent, but the mode of ongin is still a 
matter of some uncertainty When a bonng is put 
down into strata containing these hydrocarbons, gases 
are often set free and come mshing out with con- 
siderable force Liqmd hydrocarbons have also been 
forced up with such violence that the bonng apparatus 
has been hurled away 

Petroleum now forms one of the most important 
supphes of fuel , the increased use in motor-cars, 
aeroplanes, and for men-of-war and in other ways, has 
made a big demand, especially for the liquid fuel. In 
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some districts the gaseous and liquid hydrocarbons are 
used in the place of coal, coke, and coal-gas , for example, 
in gas engines and for the smeltmg of iron Large 
quantities of these rock-oiIs are also used for the ex- 
traction and preparation of different kmds of fats 
Both animal and vegetable fats and oils are readily 
soluble in the hydrocarbon oils 

Tlie chief countries from which petroleum is obtained 
at present are the United States, Venezuela, Russia, 
Mexico, Persia, Rumania, the Dutch East Indies, and 
Colombia The oilfields of the United States arc 
the richest in the vorld yet kno^vn, and occur in 
areas of Palrcozoic rocks m the eastern region in 
Pcnnsyh ania. New York, Ohio, and Indiana The 
rich fields of western Pennsylvania and New York 
lia\c gnen rise to a marvellous development of m- 
dustrics of many kmds in which large supplies of fuel 
arc necessary Much petroleum is used m the immense 
iron industry of Pittsburg and district Petroleum is 
obtained from newer strata in Texas, Oklahoma, 
Colorado, and California 

The great wealth of North America m petroleum and 
natural gas may be illustrated as follows the value 
of the natural gas j lelded by the United States in 1933 
was £75,000,000 , while the petroleum jueld was over 
900,000,000 barrels of 42 gallons The leading states 
were California, Texas, and Oklahoma, in the order 
named The United States yielded about 60 per cent, 
of the world’s total in 1930, followed, at a great distance 
by Venezuela, Russia, Mexico, Persia, and Rumania 
Mbcrta is thought to be capable of a considerable 
production , at the tune of writing it is about one 
million Darrels a year, which seems small by the United 
States standards, but development is proceeding steadily 

The Eassian Oil Field — The great Russian oil-field 
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lies on both sides of the Caucasus mountains, the 
nchest part being in the peninsula of Aspheron where 
those mountains extend into the Caspian Sea Baku is 
the “ centre ” of the industry Burning oils have been 
known there for hundreds of years, but the great develop- 
ment of the oil-fields has been of quite recent growth 
Many of the wells are “free-flowing,” that is, no 
" pumping ” IS necessary Single wells have been known 
to yield more than 1,000,000 gallons of oil per day for 
many days together A pipe nearly 600 miles long has 
been laid down to convey the oil from Baku to the 
special boats at Batum 

The Caucasian oil-region extends mto Persia and 
Turkestan The Persian oil-field is mainly m the 
legion of the upper Karun River, and a pipe line brmgs 
the oil down to the coast 

The Polish and Rumanian oil-fields are similarly 
related to the Carpathian fold-mountains, as the 
Russian oil-wells are to the Caucasus The most 
productive area is on the north-east of the great curve 
of the mountains from Kolomea to Jaslo Other nch 
wells are in the Kolozsvar distnct in Transylvania, and 
in the Ploesti distnct on the opposite side of the moun- 
tains in Rumania 

Sohd hydrocarbons are obtained from the same oil- 
regions as the liquid and gaseous compounds, and from 
a few other places where the latter are not obtained in 
any great quantity The sohd products are obtained 
in the arts as residues from the fractional distillation of 
the oils, and in nature they are probably the result of 
evaporation of the more volatile portions of the naturally 
occumng hydrocarbons A senes can be drawn up from 
the most volatile hydrocarbons of the paraf&n and olefine 
senes of the chemist to the most sohd asphaltum Paraffi,n 
scale and vaseline are well known from the United States , 
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and from the Caucasus is obtained solid hiiimen, a hydro- 
carbon mixture which is now widely used Asphalt 
or asphaltum has long been known from Sivitzerland, 
where it is obtained from the Val de Travers The 
most famous occurrence of asphalt to-day is the “ Pitch 
Lake ” in the Isle of Tnmdad, a lake of semi -molten, 
liot pitch, half a mile in diameter and of unknoivn 
depth 

Hydrocarbons from Oil-Shales — In the Carboniferous 
S3':tem of the Midland valley of Scotland there occur 
sliales known as oil-shales or bituminous shales They 
ln.\e been worked in Linlithgow, Jlidlothian, and West 
Fife, and to a lesser degree in the coal-fields farther 
west The shales arc heated m retorts, and the oils 
distilled o\ er and condensed in receivers The products 
of lower boiling-pomt, which, of course, remain liquid 
at ordinary temperatures, are knowm as Paraffin Oil, 
their general composition is much the same as the 
petroleums from the natural oil-wells, and they are 
used for the same purposes The solids, which are 
left after evaporation of the more volatile portions, are 
usually’ called simplj' Paraffin Candles are made 
from these solid Paraffins , and there are many other 
uses for them In New South Wales similar bituminous 
shales jield the kerosene which is used for hghtmg 
many a settler’s home in Australia 

Metals and Ores of Metals in the Rocks 

The distnbution and mode of occurrence of metals 
IS of great importance in the study of economic geo- 
graphy Metals are of such great importance in modem 
life, and so many of man’s activities depend directlv' 
upon them, that their distnbution exercises a verj' 
great influence upon the industnes of a country and upon 
the distnbution of population The subject maj’^ be 
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illustrated by reference to the more important and 
better known metals, such as gold, silver, copper, lead, 
zinc, tin, and iron , though, of course, many other 
metals are of great importance to man, and the im- 
portance of some of the rarer metals (such as tungsten, 
for example) seems to be increasing rapidly 

It is obvious that the occurrence of nch iron ores m 
conjunction with fuel to smelt them not far away will 
probably lead to a great concentration of population, 
and to the estabhshment of vaned steel industnes ; 
examples of this axe seen m Central Scotland, Stafford- 
shire, Westphalia, and the Pittsburg region m the 
Appalachians 

The discovery of gold has brought about sudden and 
extensive migrations, and eventually has led to the 
settled colonisation of the gold regions , the well-known 
" gold-fever ” of Cahfomia in 1848-50 and of Australia 
in 1851-2 led to a great rush of emigrants to those 
countnes Many of those failed as gold seekers, 
but settled as agncultunsts or as traders , and 
some of those who made fortunes out of gold 
bought land and became wealthy, colonial landowners 
The most northerly railway in the world — ^that from 
Narvik on Ofoten Fiord through Gelhvara to Lulea — 
was determined by the nch magnetite deposits in 
Swedish Lapland The northern part of the railway 
IS actually within the Arctic Circle It is safe to say 
that the Yukon distnct, in North-Western North 
America, would have waited long for colonisation had 
not nch gold-finds attracted men to that inhospitable 
land 

The metals rarely occur in the native or free state, 
the chief exceptions being gold and platinum , usually 
they are found combined as sulphides, oxides, carbon- 
ates, or sihcates These compounds of the metals are 
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known as ores An ore may be defined as a compound 
of a metal from which the latter may be extracted in 
quantities which pay It is clear that a compound 
which would not pay to-day may pay m future if 
the metal is more in demand, or if improved processes 
of extraction are discovered An example may illus- 
trate this latter point The rocks of the Jurassic 
escarpment of Bntam, and the rocks of the same age 
m Lorraine and Luxemburg contam large quantities of 
iron compounds, but these were diflacult to work on 
account of their large proportion of the troublesome 
"impunty” phosphorus until the discovery of a new 
process by Thomas and Gilchnst m 1879 Since then 
these ores haxe become very important sources of iron, 
and now support an enormous mdustry, especially on 
the Continent 

There is no general rule as to the occurrence of metals 
in different kinds of rocks and in assooation ivith 
different land-forms, but it is possible to make some 
important, broad statements 

Sedimentary Eocks. — The more modem sedimentary 
deposits contain few- metals or metallic ores , the 
chief exceptions are gold which has been washed into 
allu\nal deposits as the result of the disintegration 
and denudation of igneous and metamorphic rocks 
Owing to the high specific gravit}^ of the metal it has 
become more concentrated in these nver deposits as 
the hghter rock particles have been continually washed 
away. Such deposits are known as “placers,” and 
placer-gold is often the first source of gold m a new 
region After the exhaustion of the alluvial deposits 
the gold IS traced to its source in the " country' rock,” 
from which it is obtained first by crushing, and by ex- 
traction from the crushed rock by means of mercury 
or sodium and potassium cyanides Placer-mining 
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for gold still obtains on the western side of the American 
contment from California to Alaska Much of the gold 
of antiquity was obtamed from the river-gravels of Asia 
Minor and Egypt, though gold was also obtamed by 
mining m solid rocks It was from the sands of its 
rivers that the gold of the famous Gold Coast of 
West Africa was long obtamed Now there are gold 
mines "up country” m the British possessions m that 
region 

Platinum is obtamed similarly from the sands of the 
rivers in the Ural Mountains and m Colombia , other 
heavy metals, such as iridium and osmium, are associated 
with it m the native condition 

Tm-Stone — that is, crude oxide of tin (Sn02) — ^is 
often obtamed in the form Imown as stream-tm, be- 
cause so much has been found m the river-gravels 
of Cornwall It is obtamed similarly from the river- 
gravels of the Straits Settlements, and stream-tm m 
considerable quantities in the rivers of Northern Nigeria, 
Bolivia, and other regions 

Ores from the Sedimentary Rocks — ^The Mesozoic 
and Paleozoic rocks, especially the limestones, con- 
tam more metallic ores than the Tertiary rocks Iron 
ores were formerly mmed m the English Weald from 
the Lower Cretaceous Wealden Beds These ores 
formed one of the chief sources of British iron up to 
quite modem times, when the furnaces ceased to be 
remunerative in face of the competition of the furnaces 
situated on or near the coal-fields The last furnaces 
went out 'of action about 1857, and London still con- 
tains many examples of iron from that district It is 
said that the iron railmgs of St Paul’s Churchyard are 
almost the last sample of the iron smelted m the Weald 
There may be a reopening of the mines m the future, 
but the ore will probably be taken to the coal-fields 
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Or, now that coal is being obtained in some quantity 
from the Kent coal-field, the whole position may be 
modified, and south-eastern England maj^ again become 
an iron-smelting region 

Iron ores are found m immense quantities m the 
lurassic rocks of Britam, where they are mterbedded 
among the other strata There are four chief localities 
— Cle\ eland, North Lincolnshire, Northamptonshire, 
and Oxfordshire The ores of Cleveland are said to 
be due to alteration in strata subsequent to deposition, 
the lime of the calcareous deposits having been re- 
placed bv iron As was mentioned prevnously, similar 
ores are found in the Jurassic rocks of Lorraine and 
Luxemburg, where a great mining industry has sprung 
up 

Iron ores are found in the Carboniferous Limestone 
of the Lake District rim, especially near Cleator Moor 
on the north-west side, and near Ulverston, Dalton, 
and Millom on the south-west side Similar ores are 
found 111 the Carboniferous Limestone of the Forest of 
Dean and of North \\ ales, but not m such large quanti- 
ties as 111 Furness and West Cumberland 

Iron ores arc also found in the shales of the Coal 
Measures, cspccialh in Central Scotland, m Durham, 
m the Yorlxshire and Derbj shire Coal-field, m StalTord- 
Miirc, in the Seiern Coal-fields, and in South W'^ales, 
but these ores are little worked now except m North 
S afiord'hire and Lanarkshire The quantity of iron 
ore foriuerh obtained from the South Stafiordshirc 
district has neen said to be greater than that found in 
am similar area in the same thickness of strata 

Iron orc--' arc found m the Palmozoic rocks of the 
U.iucd SiaiC-x The Clinton Limestone of the Appal- 
•uhnns furnishes much orc, from Alabama to Central 
New \orI fins limestone is of Silurian age, and is 
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comparable to the Wenlock Limestone of Britain In 
Pennsylvania iron carbonate or black-band ironstone 
occurs in the Carboniferous system, ]ust as it occurs m 
the British Coal Measures The famous ores of the 
North of Spam, exported m such large quantities 
from Bilbao and Santander, come from the Carbon- 
iferous Limestone 

Ores of lead and zmc are also largely obtamed from 
limestone, where they often occur m irregular masses 
in the jomts and cavities, which are so common m 
limestone The lead and zmc ores of the Carboniferous 
Limestone of the Northern Pennmes may be quoted as 
examples Lead ores have also been obtamed m con- 
siderable quantities m the Derbyshire Carboniferous 
Limestone, and m North Wales The same metals 
are found m limestone m the Rocky Mountams The 
zmc deposits of Upper Silesia, which are also in sedi- 
mentary rocks, are probably the largest sources of 
that metal in the world The metalhferous deposits 
of the upper Oder region have been the cause of much 
difficulty in settling international boundanes 

Igneous Eocks are not, as a rule, nch in papng ores 
Compounds of practically all the metals may be found 
m these rocks, but they are often present in small quan- 
tities or in combinations from which the metal would 
not be easily and profitably extracted Occasionally 
in basic igneous rock either on the margin or the centre 
of a plutomc or intrusive mass there is so large a pro- 
portion of magnetite that the rock becomes a paying ore 
Some of the well-known Scandinavian ores are thus found 
in Igneous masses For example, one of the nch deposits 
at Taberg near Jonkoping in south-eastern Sweden is the 
middle of a large mass of altered basic igneous rock 

Gold IS disseminated through some gramtes, syenites, 
and diontes , the erosion of these igneous rocks leads to 



ROCK CONTENTS 


239 


the accumulation of the preaous metal in the alluvial 
deposits formed from the wear and tear of those plutonic 
rocks, as already descnbed 

Notwithstanding these examples, workable metalhc 
ores are only found, as a rule, in igneous rocks as a result 
of alteration, or in veins which have penetrated these 
rocks Such vein deposits are httle different in re- 
lationship from those found penetrating sedimentary 
and metamorpluc rocks 

Mctamorphic Eocks vary very considerably in their 
yield of metals In such a region as the Highlands of 
Scotland metalhc ores are by no means very plentiful, 
but in the similar rocks of Scandinavia some nch 
deposits of ore are found The metamorphic region 
round Lakes Supenor and Michigan contains some of 
the nchest iron ore kno^vn , an immense mining in- 
dustr}'’ IS now located there, much of the ore being sent 
to the Ohio-Pennsylvania distnct Metamorphic rocks 
in the Urals are also nch in iron ore As examples of nch 
metalhc deposits m metamorphic rocks we may quote 
the famous “ Iron-mountain " of Gelhvara in Lulea- 
I^ppmark in north S\veden, which is 500 feet high, 
and is 3 miles long by wide The ore is magnetite 
with chromite The nch ores of Dannemora also occur 
in schists, as do some of the ores of southern Sweden 

Metamorphic rocks are also nch in \ein ores in some 
regions , the eastern Appalachians and the Ozark Hills 
being examples from North Amenca Gold is dis- 
seminated through some of these rocks, especiall}^ the 
quartzites Famous examples are the nch quartzites of 
Ballarat, \^ctona, possibl}^ the nchest gold area for its 
size m the world, and the quartz rocks of the Transvaal 

It will thus be seen that there is considerable vanation 
in the jncld of ores in the three great classes of rocks, 
and it IS simihrlj impossible to say of the rocks of anv 
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geological systems or of any land forms, that they will 
or will not 5neld metalhc ores in paying quantity Some 
fold-mountains of comparatively modem age are nch 
in metals, as in the case of the Andes , on the other 
hand, the Alps are singularly lacking in useful ores 
The Caucasus, belonging to the same system of fold- 
mountains as the Alps, are, however, nch in metals 
The old wom-down Armoncan and Vanscan fragments 
are nch in vanous metals, but again there is con- 
siderable vanation in the jneld of different distncts 
Fractured crust-blocks, especially on their exposed and 
dissected margins, are usually nch, as may be seen m 
the crust-blocks of Europe and North Amenca The 
nms of the Meseta have often been quoted , mercury 
at Almaden, lead in the east, copper in the south, tin in 
the north-west, iron in the north, are among the ores 
found Where a crust-block abuts agamst a fold- 
mountain system metals seem to be particularly abun- 
dant, as IS suggested in Spain, the Hungarian Ore 
Mountains, Nevada, USA, Mexico, and elsewhere 

After this consideration of the circumstances of the 
occurrence of metalhc ores, it may be advisable to give 
some attention to the yield of different regions as ex- 
pressed in the commoner geographical terms A few 
of the more important metals are taken and illustrated 
from the published statistics 

Gold — Approximate value of the output of Gold 
in 1932, £100,000,000 

(1) South Africa, £48,000,000, or 48 per cent of the 

world’s total 

(2) United States, £9,500,500, or 9 5 per cent of the 

world’s total 

(3) Canada, nearly £12,000,000, or 12 per cent of the 

world’s total 



ROCK CONTENTS 


241 

Other important producers are Australia, Russia, 
Mevico, Southern Rhodesia, and India 

It wall be seen that South Africa (chiefly the Trans- 
\aal), the United States, and Canada \vere responsible 
for nearly three-fourths of the world's output in 1932 
The rclali\e proportions fluctuate somewhat That of 
\ubtralasia has showm some tendency to decrease during 
recent 3 cars, while that of Canada has increased 
Silver — The chief regions are the plateaux of Mexico 
and the United States (the latter including Nevada, 
Colorado, Montana, etc), Canada, Australia, and India 
The output in 1932 was, in troy ounces, in round figures, 
as follows 


The world's total 

170,000,000 

Mexico 

72,000,000, or 42 per cent 

United States 

24,000,000, or 14 per cent 

Canada 

17,000,000, or 10 per cent 

Australia 

7,100,000, or 4 2 per cent 

India 

5,000,000, or 3 per cent 

Copper — The great 

plateau of \\ estern North 

America (with the adjacent mountains) again leads, 
more than four-sevenths of the world's production 

coming from that region 

, other important sources are 

Spam, Japan, \ustralasia, and Chile The approxi- 
mate output in 1933, in tons of metal, was as follows 

United States 

410,000, or 41 per cent 

Chile 

. 160,000 

Belgian Congo 

. 90,000 

Canada 

130,000 

J-’pan 

70,000 

N Rhodesia 

100,000 


The commanding position of the United States is ob\ lous 
Tin — The ores of this metal are \er3 local m their 
di<;tribution, a \er\ few localities producing most of it 
16 
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The Federated Malay States, Bolivia, the Dutch East 
Indies (Banka and Biliton especially), Nigeria, Siam, 
and China, produce the greater part of it The yield 
in 1933 was approximately as follows 


The world’s total 

85,000 tons of metal 

Federated Malay 

States 

Settlements 

23,000 

Bolivia 

15,000 

Dutch East Indies 

14,000 

Nigena 

4,000 


The quantity from the different sources fluctuates very 
considerably from year to year For comparison we 
ma}'^ note that the British Isles produce about 1600 
tons per annum 

Lead — The chief countries producing lead are the 
United States, Mexico, Austraha, Canada, Spain, and 
India, m the order named The total output of the 
world for 1933 was estimated at over 1,000,000 tons 
The countries named contributed as follows 

United States 265,000 tons 

Mexico . . 127,000 „ 

Australia . 210,000 „ 

Canada 117,000 „ 

The British Isles produced about 6,100 tons in 1933, 
valued at £100,000 in round figures 

Nickel — This metal is being increasingly used for 
the manufacture of crucibles, coinage, and some domestic 
utensils It IS also a constituent of some white metal 
alloys, as well as some alloy steels It is obtained to 
the extent of over 90 per cent from the mines of 
Sudbury, Ontario The only other source of great 
importance is the French colonial island of New Cale- 
donia The 1933 figures were world output (m tons 
of metal), 40,000 tons , Canada, 36,000 tons , New 
Caledonia, 2600 tons 
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Zinc, — ^The six leading producers of zinc ores are 
United States, Mexico, Australia, Germany, Poland, 
Canada, producing qmte three-fourths of the world’s 
total 

The ^^orld’s total in 1933 w^as about r, 000, 000 tons 
(in terms of metal) 

United States 290,000 „ 

It has ahead} been remarked that Upper Silesia, 
part!} in Poland, partly in Germany, is one of the 
nchest, perhaps the richest, limited region for zinc in 
the world 

Iron Ore — ^The three leading countries m the output 
of iron ore in 1933 were the United States of America, 
France, and the British Isles, in the order named 

In 1933 the production of ore was as foUow^s 
Total for the world 128,000,000 tons 

United States 48,000,000 , 

France . 35,000,000 „ 

British Isles 7,460,000 ,, 

Pig Iron — The proportion of pig iron — that is, the 
product of the first smelting of the ore — ^is not quite the 
<^amc for the countnes Germany and the Bntish Isles 
now find their supphes of ore much short of the demand, 
and large quantities are imported In 1933 the United 
States produced 9,000,000 tons of pig iron out of a 
total for the world of 48,000,000 tons, that is, 27 
per cent , German}, 5,200,000 tons, or ii per cent , 
and the British Isles, 4,000,000 tons, or about 9 per 
cent of the whole 

Four minerals which are of considerable importance 
arc asbestos, mica, the group of phosphates, and sodium 
nitrate 

Asbestos — ^This name is now made to include a 
group of clo'^cly allied minerals winch are obtained 
almost cxclusnci} from inctamorphic rocks Asbestos 
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IS distinguished by its fibrous structure and its resistance 
to fire and to chemical change It is widely used foi 
the manufacture of fireproof packmgs for boilers, steam 
pipes, and brakeband Immgs, for firemen’s clothing, 
fireproof curtains, linmgs for furnaces, floor boarding, 
roof shmgles, etc , where the fireproof character is 
important Asbestos m various forms is now the basis 
of a big and varied industry 

The world-production of asbestos in 1933 was 230,000 
tons, of which Canada yielded over 160,000 tons, or 70 
per cent of the whole, largely from Quebec province 
Other important contributors were Southern l^odesia. 
Union of South Africa, Russia, and Cyprus The British 
Empire yielded 90 per cent of the world’s output 

Mica — This IS a group of mmerals which mcludes 
four or five principal members , all the types are alike 
in possessing extremely fine cleavage, and most of them 
are tough, flexible, and resistant to fire , mica is also 
a bad conductor of electricity Two of the species, 
muscovite and phlogopite, are widely used m many arts 
and manufactures 

The four chief sources, at present and for some years 
back, are United States of America, India, Canada, and 
the Union of South Africa 

Phosphates — These are in great demand chiefl}' 
as manures, some being put on the land directly, m the 
powdered condition, but they are more often converted 
into superphosphate which acts much more rapidly 
It IS estimated that for some years back the production 
of phosphate-rock has amounted to about 10,000,000 
tons a year, of which the United States are responsible 
for from three to three and a half million tons Other 
regions which produce big quantities are Tunis, Algeria, 
the French zone of Morocco, Nauru Island in the Pacific , 
Egypt, and Christmas Island (Indian Ocean) 
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Sodium Nitrate — Chile supplies the ^^orld with 
mineral nitrates (impure nitrate of soda), the amount 
produced in that country in 1933 being half a million 
tons India produces about 6000 tons of nitrate of 
potash a ycds, and no other country or region seems 
to reach 1000 tons of mineral nitrates a year The 
Chilean deposits occur in the northern, almost rainless 
7onc of that country, in the districts of Antofagasta 
and larapaca, where the nitrate zone has a Pacific 
coast-hne of about 450 miles As a by-product of the 
preparation of the nitrate there is obtained iodine, and 
about So per cent of the world's consumption of iodine 
comes from this source 

Until a few years ago Chile had almost a monopol} 
of tlie world's nitrate production , now synthetic 
nitrates arc produced in Non^aj’', Sweden, German}, 
England, and the United States m increasing quantities, 
and the Chilean monopol}^ holds no longer 

Rocks and Water Supply 

A most important part of the rock contents is water, 
winch IS contained in greater or lesser quantity in all 
rocks Some rocks arc obMousl}^ more permeable than 
oUicr- sands and sandstones allow’ water to pass 
tlirough between tlie grains of which thej are compo'^ed, 
iTtd m the case of the sandstones along the bedding 
planes and through the joints, which are alwajs present 
Limesioncs arc not so permeable through the mass of 
the rock, but the} are usually wcll-jomted and water 
P'^'^scs rcadih along these joints, widening them in 
course of time because of the solubilit} of limestone in 
natural v pters Cla\s, shales, and slates are much less 
pcriKCiblc, in inanx cases so completely impermeable 
that little or no water can pass through the rock acro^^s 
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the direction of stratification, but only along the bedding 
planes and through occasional joints Igneous and 
met amorphic rocks vary very considerably, but as a 
rule they do not allow much water to pass except 
through joints and other fissures 

The water which falls as ram or snow upon the land 
may be evaporated, or it may run off, or some may 
penetrate into the rocks below This midergroimd 
water may travel for some distance below the surface, 
and may be there for a long time before it reaches the 
surface agam. It is the porous rocks such as sand- 
stones that offer the least resistance to the gradual 
passage of this underground water The water stored 
or flowing m rocks is of vast importance, because it 
often supplies country houses, sanatoria, vfllages, and 
even occasionally considerable towns The water may 
be reached by bormg, or it may come out in the form of 
sprmgs. The latter case may be illustrated first On an 
exposed surface of rock, water is often seen to be dripping 
out gradually and m small quantities, but frequently 
there is a considerable outflow, and we call that a 
spring 

Sprmgs may result wherever the water falls upon the 
surface of porous strata which have an impermeable 
bed below The descent of the water there is arrested, 
and it then flows in a lateral direction If the junction 
of the impervious clay or shale and the porous sand- 
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Fig 29 — K Frequent Case of the Origin of Springs 
Sandstone, A — A, which is freely permeable, overlies shale, B — B, 
which is comparatively impervious to water Spnngs result 
atX— -X 
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ctone occurs on a hillside, a line of springs may clearlj 
mark out that junction 

A line of springs often marks the position and direc- 
tion of a fault Water descends through porous beds 



Fig 30 — V Spring which is due to a Fault 
At the fiult X — X permeable sandstone A has been brought 
against imper\ious shale B Ram which falls on A will 
penetrate the sandstone and wall flow out m springs at X 

until It reaches a clay or shale , then it flows laterally 
until it conies to the fault, w’lien it ascends under the 
pressure of the head of water m the rocks, and flow’s 
out at the surface m a spring or series of springs 

If the spring occurs m a region wherein there has 
been much faulting, or much folding, and especiallj, if 
It is a region w here igneous action has recently died out 
and where, consequently, heated rocks may he at no 
great depth, then one or two interestmg modifications 
of springs are possible — hot spnngs and mineral spnngs 
The water of hot springs often rises along fault planes, 
which thus gi\e opportunity of communication wath 
lieaicd regions at some distance from the surface 
Mineral spnngs contain dissolved salts of -various kinds, 
main of which are of considerable medicinal \alue 
In the neighoourhood of these mineral sprmgs sanatoria 
arc bulk and baths are fitted up, or “ pump rooms,” 
where the water mav be drunk The water of some \er\ 
famous medicinal springs is bottled and e\portcd in 
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large quantities Many hot springs are also mineral 
springs 

Artesian Wells — Another typical case of water bemg 
obtained m large quantities from the rocks is that from 
Artesian wells, so called because they were first of all 
developed in the district of Artois in France, where the 
rocks occur in a typical basin The best know Artesian 
wells occur where the strata form a S3mcline, and vhere 
permeable water-bearing beds he between impermeable 
strata The London basin may again be mentioned as 
an example 'Ihe porous chalk dips from the North 
Downs under London to reappear m the Chiltems , 
under the Chalk is the Gault clay , over much of the 
Chalk area lies the London Clay Many a London 
boring has been put dow through the London Cla}’' to 
reach the water-bearing Chalk, and so obtain some of 
the water w'hich has fallen as ram on the Chilterns or 
North Downs See Fig 6, Chapter IV p 65 

It IS not nccessarj'’ that the rocks form a syncline , 
a monoclinal fold may also furnish a good water supply 
if the other conditions obtain, that is, if a permeable 
formation occurs between impermeable beds 

Borings of this kind are now ver}’^ common and are 
found all over the w'orld In the various basins of 
Europe there are now hundreds In the United States 
they are very common, the chief regions being the Gulf 
Plains and the Atlantic Coastal Plains, the Upper 
^Mississippi Valley and the Plains of Dakota and Kansas 
In some desert or semi-desert regions such w^ells supply 
w'ater not only for drinking but for imgation also , in 
the great basins of the Western States, in the Sahara, 
in l\Iesopotamia, and m the “ Dead Heart ” of Australia, 
for example 

In Queensland is one Artesian boring over 7000 feet 
deep There are now over 5000 bormgs m Australia, 



ROCK CONTENTS 


249 

and they ha\e effected a wonderful change in the drier 
interior of this great Commonwealth 

\rtcsian wells furnish water for works of \arious 
kinds, for small towns and \nllage5, for country houses, 
and, as already mentioned, for irrigation Various 
^alts arc always present in some quantities, and some 
times, as in the Colne Valley works in the London Basin, 
the water has to be softened for domestic purposes 
But such water is almost alwajs wholesome and far 
preferable to that from shallow wells 
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SECTION B 


THE PRINCIPLES OF CLDIATIC 
GEOGRAPHY 

CHAPTER XIII 

THE ATl^IOSPHERE WINDS, RAINFALL, AND 
TEI^IPERATURE 

We must now pass from the hthosphere to the atmo- 
‘sphere, with incidental references to the hydrosphere 
\s we have seen over and over agam, climate plays a 
great part m earth sculpture , it also determines the 
conditions of animal and plant life, and is supremely 
important in connection with the economic develop- 
ment of different regions of the w^orld 
Climate is the average or pre\»ulent w^eather condition 
of a place or a region, or, m other words, the average 
condition of the atmosphere There may be mcluded in 
its studv the following elements amount of sunshine, 
temperature, atmosphcnc pressure, direction and force 
of winds, moisture in the air and rainfall All these are 
intcr-relatcd, and it is quite impossible to isolate the 
study of an\ one from that of the rest 

The Atmosphere 

It IS necessary^ to summanse our knowledge of the 
atmosphere This surrounds the earth to a depth of 

»5i 
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possibly 200 miles, though the greater proportion of its 
mass IS confined within a very few miles of the surface 
of the lithosphere About nme-tenths of the mass of 
the atmosphere is contamed m the lowest 12 miles 
The atmosphere may be regarded as a mixture of 
nitrogen and oxygen m the proportion of four volumes 
of the former to one volume of the latter There are 
also present small proportions of carbon dioxide, argon, 
and other gases, but the argon may for our purpose be 
grouped with the nitrogen, with which it was confused 
until the last twenty years Carbon dioxide is of more 
importance, though it concerns the biologist more 
than the geographer There is also present water-gas 
or vapour m very variable quantities, and this is of 
supreme importance to the geographer 

All these constituents are intimately mixed together, 
and the mixture obeys the ordinary gas laws For 
example, the volume of a given mass vanes directly 
as the absolute temperature and inversely as the 
pressure 

To accumulate accurate data for the determination 
of the climate of a place the elements mentioned above 
must be measured at sufiiciently frequent intervals 
Hence the thermometer, barometer, rain-gauge, and 
other instruments are the working tools of the meteor- 
ologist or student of climate and weather A descnp- 
tion of the apparatus belongs to the science of physics ; 
the geographer is concerned with the results 

The Pressure of the Atmosphere — At the sea-level 
the average pressure of the atmosphere is equal to that 
of a column of mercury 760 mm or 29 9 inches lugh 
At different places on the earth's surface, and at the 
same place at different times this pressure is found to 
vary between about 28 and 31 inches 
The pressure will clearly diminish from the surface 
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of the lithosphere upwards, because at any great alti- 
tilde it IS due to the weight of the air vertically above 
the surface under consideration Near the earth's 
surface diminution of pressure is at the rate of about 
one inch of mercury for every 1000 feet, but at higher 
elevations the pressure does not dimmish so rapidly 
It has been stated that nine-tenths of the mass of 
the atmosphere hes in the lowest twelve miles, but it 
IS perha.ps of more importance to the geographer to 
emphasise the fact that most of the water vapour present 
IS found in the lowest 6000 feet 
Water v^apour, or water in the gaseous condition, is 
much hghter than dry air, the relative densities being 
ipproximatcl)^ 9 14 4, hence the greater the quantitj^ 

of water vapour present at any time or place the lower 
IS the density of the air, and the less is the pressure 
showm by the barometer From this follow^s the familiar 
generalisation that the lower the pressure the greater 
IS the proportion of aqueous vapour in the air 
There is one other physical property of the atmo- 
sphere as a mixture of gases that the geographer has 
continualh to bear in mind It is highly compressible 
and as rcadih’’ expands WHien air is compressed heat 
IS generated and tlie air is warmed, unless heat is at the 
same time rcmo\cd in some other waj^ Conversely, 

' hen air expands there must be coohng, unless heat is 
«^upplied from some other source at the time the expan- 
sion IS taking place Thus warming owang to com- 
pression, and cooling due to expansion play a most 
important part in weather phenomena 

\ct another important physical property of the at- 
mosphere 15 its relation to light and heat ray^s Air is 
cbvnoush transparent to hght rays, and it has been 
c^tabbshed by^ experiment that dry" air is almost per- 
fectly" transparent to ray^s of all wave-lengths, it is 
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by the water vapour, carbon dioxide, and vanous dust 
particles in the atmosphere, and especially by that 
condensed water vapour which forms fog, mist, and 
cloud The lower layers of the atmosphere are also 
warmed by contact with the land and sea surfaces 
The temperature of the atmosphere consequently 
diminishes with altitude, the average rate being about 
1° F for every 300 feet of ascent This diminution 
seems to continue until a height of about six or seven 
miles IS reached, when what has been called the strato- 
sphere IS reached, in which there seems to be no farther 
fall of temperature with increasing distance from the 
earth’s surface The study of this upper layer is yet 
m its infancy, and though its properties may yet be 
shown to exert very considerable influence upon the 
chmatic phenomena of the more accessible regions, it 
hes outside the scope of this book 
We may now turn to those factors which are re 
sponsible for departure from uniformity of distnbution 
of heat on the earth’s surface If the earth were always 
turned similarly towards the sun, and if its surface were 
of uniform character everywhere, climate would vary 
with latitude, and the zone of greatest heat would 
correspond with the geographical equator 

Owing to the inchnation of the earth’s axis at an 
angle of 23^° to the plane m which it travels round the 
sun, the vertical sun changes its position between hmits 
of 23i° on each side of the equator The sun is ovei- 
head m lat 23^° N at the northern summer solstice 
on 2ist June It is overhead in lat 23^° S on 21st 
December On 21st March and 23rd September it is 
overhead at the equator The circles of latitude parallel 
to the equator and at an angular distance of 23^° are 
called the Tropic of Cancer in the Northern Hemisphere, 
and the Tropic of Capncorn in the Southern Hemisphere 
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The sun is ne\er overhead outside these limits These 
relations are indicated in the diagram 
The midday angular elevation of the sun at any place 
on the four important dates mentioned can readily be 
found if the latitude is knouTi Thus in lat 51° the 
height of the midday sun on 21st March is {go'’-5i°) >= 39°, 



on 2ist June it is 90°-(5i°-23j°) =62^°, on 21st December 

It i-; 90°-(5i°+23i°) = i5r 

For New York, lat 41° N , the heights are 21st 
March and 23rd September, 49°, 21st June, 721°, 21st 
December, 251° For Petrograd, lat 60° K , the three 
lieights are — 30®, 53^°, 

It IS clear that the ifference in duration of day- 
light betuccn the daj'S of summer and wnter is 

17 
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greater the higher the latitude The average height 
of the sun is greatest in low latitudes where the vanation 
in length of day is least Hence in tropical regions 
there is httle seaso7ial difference of temperature, but a 
great difference between day and night , wlule in higher 
latitudes there is relatively httle difference between day 
and night, but greater vanation between summer and 
winter 

The second departure from ideal planetary conditions 
IS that dependent upon irregulanties in the nature of 
the earth’s surface Roughly, three-quarters of the 
earth’s surface is covered by sea, the remainder (the un- 
covered surface) we call land To the geographer the 
distnbution of land and sea is of profound importance 
Such features as the occurrence of most of the land m 
the Northern Hemisphere, the north to south extension 
of North America and South America, the east to west 
extension of Eurasia, north of the equator, the east to 
west extension of North Afnca north of the equator, 
and the north to south extension of South Afnca south 
of the equator, and the roughly rectangular outhne of 
Austraha and its situation on the Southern Tropic with 
east to west extension — all these and corresponding facts 
about the oceans must be continually borne in mind 

The above are the geographical aspects of the prob- 
lem, the contrasted physical properties of water and 
of rocks and soils furnish the other factors These 
physical differences are of fundamental importance In 
the first place, water, being a hquid, allows of convec- 
tion currents, and the distnbution of heat by means 
of such currents In the case of the sohd land, conduc- 
tion of heat is the chief means of transmission of heat — 
together with loss of heat by radiation from the land sur- 
face It will be obvious that currents of warm and cold 
water will influence very considerably the actual chmate 
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m many regions of the world Another point of con- 
trast IS in regard to capacity for heat It requires much 
more heat energy to raise the temperature of a given 
mass of water than it does to raise the temperature of the 
same mass of rock-matenal by a hke amount In other 
words, if the same solar energy is received by land and 
sea, the nse of temperature of the sea is very shght com- 
pared wnth that of the land Dunng the day, or dunng 
the summer as a whole, the sea nses in temperature much 
more slowly than the neighbounng land Converse^, 
at night the sea cools much less rapidly than the land 
Hence dunng the hottest part of the day the sea is 
cooler than the land, and dunng the coldest part of the 
night the sea is warmer than the neighbounng land 
The sea therefore everts a cooling influence dunng the 
day and in summer, and a warming influence at night 
and in winter This is one of the most important chmatic 
facts in nature 

To antiapatc subsequent studies somewhat, it will 
follow that in the same latitudes the difference betw’een 
the Januaiy’ and July temperatures will not be nearly so 
great in regions near the sea as in places in the middle 
of the great land masses These contrasts m tempera- 
ture ranges wnll be greater in higher than m lower 
latitudes, other things being equal, for the reasons pointed 
out earlier in the chapter Some instructive examples 
may be gl^en to illustrate tlus point The first one is 
a companson of a number of places m Europe m ap- 
provimatety the same latitude, and will serve as an 
cvanip’c for cool temperate latitudes 


Jan ic'np « 

Cambridge 

39'^ 

UtrcchL 

Berlin 

W'' rsaw 
26° 

iv-h ». 

640 


66° 

66° 

Ks-pe 

. 25° 

30 " 

34° 

4 -° 


The second example compares places in somewhat 
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lower latitudes in the interior of the continents with 
places in similar latitudes but near the ocean 


Santiago ^ 

Burgos ^ 

Milan 

Bucharest. 

Jan temp 

47° 

42° 

33° 

26° 

July „ 

67° 

71° 

76° 

74° 

Range 

20° 

29° 

43° 

48“ 

These pnnciples 

will be 

reahsed 

more 

fully when 


we proceed to discuss concrete examples of chmatic dis- 
tnbution, and when we can with advantage illustrate 
more fuUy general pnnciples connected with the difierent 
effects of land and water 

Latent Heat of Water 

We have also to consider another property of water 
which is of very great importance in respect to chmate — 
that IS, the Latent Heat of water and of water vapour 
Whenever a sohd substance is hquefied, or when a 
hqiud IS converted into a gas without change of composi- 
tion, there must be an expenditure of heat energy Thus 
to convert i lb of ice at the freezing point (o'* C or 
32° F ) into water at the same temperature needs the 
expenditure of 80 units of heat — ^that is, sufficient heat 
to raise the temperature of 80 lb of water by 1° Again, 
to convert i lb of water at the boihng point into water 
vapour at the same temperature reqmres the expendi- 
ture of 540 heat units The heat thus expended does 
not produce nse of temperature, but change of state, 
and IS known as Latent Heat This latent heat is, of 
course, given out again when water vapour changes to 
the hqmd condition or when hquid water changes to 
sohd water (ice or snow) 

This part of the subject is so important that it may 
be explamed still further Suppose we begin with a 

' Corrected for 'iltitude, by adding 1° for each 300 feet of altitude. 
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mass of ice at, say, 20° F — ^that is, 12® below the freezing 
point of water Apply heat to this The tempera- 
ture of the ice wnll nse until the melting point (or 
freezing point) is reached Continue the appbcation of 
heat There i\ill be no nse of temperature until the ice 
IS melted the heat is being ” spent ” m changing the 
phj’sical state, and not in raising the temperature 
Wien all the ice is melted, let the heat be still supplied 
The temperature wll again begin to nse and the volume 
of the water wnll be changed, at first producing con- 
traction and then after 39° F expansion From tlus 
temperature upwards there is continual expansion wnth 
increase of temperature, until the boihng point, 2x2° F , is 
reached There is now no increase of temperature until 
all the liquid water has been converted into water vapour 
If heat be now- apphed to the water vapour or gas, ex- 
pansion and nse of temperature occur, ]ust as in the 
case of other gases 

\\ ater differs from other substances in that the latent 
heat is greater than that of any known substance It is 
therefore obnous that in the vast amount of w'ater 
\apour contained m the atmosphere there must be 
" stored ’’ an immense amount of heat-energy Wlien 
water vapour “ condenses ” or becomes hquid, this latent 
heat-energy is set free and warms the surrounding air 
and the contiguous land Clearly, then, the atmosphere 
of a reeion of great rainfall wall contain more heat- 
cnerg\ than would otherwase obtain A vast amount 
of solar energy is thus transferred by ram-bearing 
wands from the wairmcr oceans to the colder lands 

e ‘ihall meet wath concrete examples of the applica- 
tion of this and the other principles alrcadj studied, 
but we ma^ here recall the common experience in cool- 
temperate lands that ram brings warmer weather in 
wantcr, and that during \cry cold weather, country 
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people often say, “ We shall have snow, and it will be 
warmer ” These are every-day expressions of an im- 
portant pnnciple 

The following is a summary of these elementary but 
fundamental pnnciples . 

Chmate depends upon — 

(а) Latitude, because of the angle at which the solar 

rays stnke the earth’s surface, and because 
of the thickness of atmosphere to be pene- 
trated Theoretical sun-force at the equi- 
noxes is proportional to the cosine of the 
latitude 

(б) A vanation is introduced owing to the inchna- 

tion of the earth, the vertical sun changing 
its position dunng a year between the hmits 
of 23j° N and 23^° S The heat equator 
therefore oscillates between well defined 
hmits on either side of the equator 
(c) The relation of the atmosphere to sunlight and 
to heat rays Dry air is transparent and 
diathermous, but other constituents of the 
air, especially water vapour, absorb heat 
rays readily 

(i) The atmosphere is warmed mainly from 
the earth's surface by conduction and air- 
convection, hence temperature diminishes 
with altitude, the actual average rate of 
diminution being about 1“ for 300 feet 
{e) The distnbution of land and sea introduce 
another set of factors The great capacity 
of heat possessed by water causes a much 
less range of temperature to obtain in the 
sea, in the atmosphere over and near, and 
in the land near the sea 
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(/) The great latent heat of water, and especially 
of water vapour, provides a means for the 
transference of immense stores of heat-energ)^ 
from the warmer seas to the colder land 
surfaces 

The application of these pnnciples will be illustrated 
m the ne\t chapter 
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Some of the elementary facts concerning atmospheric 
pressure and the chief wmd systems were mentioned in 
Chapter XIII , the subject is now carried somewhat 
farther If the earth were a globe uniformly covered 



-Temperate LOW^ Pressured Zone of Wester! Te 5 

Hors^^Lat^tudes 

^ ^ ^ ^ Zone of N E Trades 

Eouatona! 

alms "Do! drums ^ __ _ 

^ ^ ^^Zone of S E Trade:> 

Horsf Lo"J:^tudcs 

= Zone of Westerlres 

WestVS.nds Roa nqFort.es 

Fig 33 — Phtssure Systems or rnr Lower Layers of the 
Atmosphere — Ideal Average 


with water, and if the axis were at nght angles to the 
plane of the ecliptic, then the pressure zones of the 
atmosphere would probably be as shown in the diagram 
Fig 33 These conditions are not realised Land 
masses become hotter than the adjoining seas in the 
same latitude in summer and colder m winter , hence, 
especially in the Northern Hemisphere, there is consider- 
able modification of the theoretical pressure systems 

264 
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In the Southern Hemisphere a low-pressure belt passes 
round the world m cool temperate latitudes, and this 
IS maintained throughout the year , the sub-tropical 
high-prcssure belt is much less interrupted than is the 
corresponding belt m the Northern Hemisphere 

The northern sub-tropical high-pressure belt actually 
passes round the earth in tlie northern winter, at which 
season it is more intensel}^ developed over the great 
continents, Eurasia and North America On the other 
hand, in the northern summer the high-pressure belt is 



pjr — Tnr Prrssurr S^stpms of thf World — ^Januar^^ 


ropbcod b} low-pressure S3stcm5 o\cr those continents, 
and thrre is an alternation of high and low pressure as 
one proceeds round the world 

Polcwirds of the sub-tropical belt of high pressure 
there IS the cool temperate belt of lo\" pres^^ure , but 
the altcnialion of continents and oceans causes similai 
int^rfcronce m this 7onc In the northern summer the 
northern low-pressure belt is found to pass round the 
world , m the northern winter it is intcmiptcd o\cr the 
twogre'^t northern continents and there is an alternation 
of high and low pressures o\cr continents and oceans 
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respectively These facts are shown on the diagram 
maps, Figs 34 and 35 “ 

It IS usual to show seasonal conditions of pressure 
by the use of maps on which climatic isobars are shown 
To appreciate the nature and use of isobars, a brief survey 
of the method of representing atmospheric pressure on 
maps may be helpful The pressure of the atmosphere 
is measured by a barometer, and the results were 



Fig 35 — Thk PunssuKr S^STI^IS or ihp World— Juiy 

Noir — Figs 34 and 35 arc drawn on ^Ioll^^cKk’s Ilomolograplnc 
Projection , chmalic isobars for 1000 mb arc shown by broken 
lines, those o\cr 1000 mb b} continuous lines, areas less than 
loco mb are dolled, areas o\er 1020 mb are shaded, and over 
1030 mb more distinctly sb idcd 

formerly expressed in terms of the length of a column 
of mercury Thus, the standard pressure used for com- 
parison was that of a column of mercury 760 millimetres, 
or 29 925 inches, in length measured at a definite 
temperature and definite height with reference to sea- 
level, and the pressure was spoken of as 760 mm , or 
29 925 ins This notation is still widely used, and at 
the time of writing the British Broadcasting Company 
give the atmospheric pressure in inches m their 
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announcements of \vcather reports Another notation is, 
however, gradually coming into use, and this demands 
a bncf explanation 

The pressure of the atmosphere is a force, and its 
\ alue may be expressed m terms of units of force The 
unit of force used m the Centimetre-Gramme System 
IS the dyut — w^hich may be defined as the force which, 
acting on 11 mass of one gram, produces an acceleration 
of one centimetre per second per second Now^ the 
pressure of a column of mercury of length 760 mm 
(29 925 ins ), acting on a square centimetre, is equal to 
1,013,230 d\mcs, which would be a very awkward figure 
to adopt In its place a force of 1,000,000 dynes per 
square centimetre is taken as the standard, and this is 
called a “bar*' The working unit of atmosphenc 
pressure used in Meteorology is -nurc value and 

IS called a vrUihar A bar (1000 mb ) is equal to a pres- 
sure of 29 531 inches xmder the old system , usually 
it IS taken as equivalent to 29 53 inches, or 750 i mm 

Isobars 

Suppose the atmosphenc pressure to be taken at a 
number of places at a certam selected time, and let 
these be corrected to sea-level and plotted on a map, 
it wall now be possible to draw a number of Imes through 
places which have the same barometnc pressure at 
that time , such lines are called isobars The familiar 
weather maps published daily by the i^lcteorological 
Office of the Air Ministr}, and by some of the dail^ 
ncw«:pipcrs. show such isobars for a definite tune The 
pressures arc usually given on such maps both in mches 
and in millibar^ 

There is, however, another kind of isobar which is 
often drawn on maps , this may be called the cLihatic 
isobar, and is an expression of the average barometnc 
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pressure over a stated penod Thus, a climatic isobar 
of 29 53 ms (1000 mb ) for July means that at aU places 
on that line the average pressure throughout July has 
been found to be 29 53 ms (1000 mb ) It may be re- 
marked that at any given moment m July of any year 
the actual barometric pressure may be quite different 
from the average pressure given on that map The 
map IS a climatic map, not a weather map, and the 
map shows generahsed average values and not values 
found at any given moment 

It will now be possible to understand more clearly the 
distribution of pressure over the Northern Hemisphere 
m summer and m winter, and to make profitable com- 
pansons with the distnbution of pressure over the 
Southern Hemisphere where there is much less inter- 
ference by land masses Some of the mam facts of 
average pressure distribution are shown on the two 
maps. Figs 34 and 35, to which reference should be 
made, and especially to the appended note 


Seasonal Pressure Systems of Europe and 
North America 

As an example of the application of the above studies 
the special pressure distributions which more im- 
mediately concern the climates of Europe and North 
Amenca may be briefly mentioned The average 
pressures m January and July are taken as typical of 
the winter and summer conditions respectively 

Europe — In January there are three well-marked 
pressure systems which dominate the weather conditions 
of that month, and which give to Europe the mam 
features of its winter climatic character These are 
the Azores High Pressure, the Icelandic Low Pressure, 
and the Eurasian High Pressure , they are shown on 
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tho map, Fig 36 In July the conditions have changed , 
the Azores sjstcni has spread northward and Ins 
become relatnelj more powerful , the Icelandic sjstem 
IS less dominant than m Januar}% but is still important 
the high pressure o\cr eastern Europe has been replaced 
b} low pressure — a part of the great monsoon low- 
pressure system of Eurasia 



lie — MAr Tur Punssui i S\sTn which co^rRN 

Tin CiiM vTF Oh EuroiP in Wintpr 

Cii i 1C Jir ir) arc <;hown Map drawn on 

Tonne’s Proicciion 

North America — ^The climate of North Amcnca is 
£^o\crncd In two sets of similar oceanic systems cast 
ard wc^t of the continent respective!} , and a rcvcr-ible 
continent d one Though the centres of the tv o hieh- 
pre^-urc ocoamc s\ stems seem to remain constant in 
po-ition the 'system'; spread northward m summer and 
become more pronounced, while at the same time the 
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oceanic low-pressure systems are weakened In winter 
the low-pressure systems spread southward and become 
more pronounced Over the North American continent 
there is a high-pressure system in January and a low- 
pressure system in July See map, Fig 37 

Barometric Gradient 

In representing pressure conditions on weather charts 
the isobars which have been reduced to sea-level are 



Fig 37' — Map of the Pressurf Systems which govern 
THE ClIMAlE OF NORTH AMERICA IN SUMMER 

Cliinalic Isobars for July are shown Map drawn on Lambert’s 
Zenithal Equal Area Projection 

usually drawn at intervals of two or four millibars, or 
their equivalents in inches If a series of charts for 
different times be examined, it will be seen at once that 
sometimes the isobars are much closer together than 
at others If the isobars are crowded, it means that 
there is a rapid fall of pressure from one part of the 
area to another, and consequent!}’’ the winds will be 
strong If the isobars are far apart, the winds will be 
light By analogy with contour lines drawn on oro- 
graphical maps, from which the gradients of roads or 
railways can be found, it is customary to speak of 
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“ barometnc gradient ” The unit of gradient is 
usually a difference of pressure of one millibar over an 
arc of a great circle of x degree — that is, i mb m 60 
nautical miles, or i mb m 69 geographical miles, or 
I mb m III kilometres A unit gradient gives very 
hght vinds , a gradient of 2 gives moderate wnds in 
temperate latitudes 

Pressure and Winds , Ferrel’s Law , 

Buys Ballot’s Law 

If the earth did not rotate winds would blow from 
regions of high pressure directly to regions of low 
pressure wnth a velocity which depended upon the 
barometnc gradient , it is common knowledge that the 
directions of actual wmds do not follow this simple 
rule 

Ferrcl, m the latter half of the nineteenth centurj', 
showed that wmds are always deflected to the nght of 
this theoretical direction in the Northern Hemisphere 
and to the left m the Southern Hemisphere, this 
generalisation is generally knoivn as Ferrel’s Law 
Bu3's Ballot, a Dutch meteorologist, expressed the 
same truth m somewhat diflercnt language, and with 
reference to actual pressure systems, m 1S60 His 
■' law ” IS thus stated ” If jou stand with your back 
to the V ind tlie low pressure will be to y our left m the 
Northern Hemisphere, to 3'our nglit m the Southern 
Hemisphere” These ‘‘laws” are clearl3 exemplified 
in the well-known surface wind s3'stcms of the world— 
the Trade ^^lnds and the Temperate westerlies, and in 
the tcmporaiw' winds of c3'clones, antiC3'cloncs and 
other pressure S3 stems The3' do not seem to express 
fulh some of the features of the wind circulation of the 
upper atmosphere 
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Local Pressure Systems, and their 
Associated Weather 

The reader should always bear in mind that the 
pressure systems shown on the diagram, Fig 33, and 
on the isobaric maps. Figs 34 and 35, represent average 
pressure conditions, and that there are mmor variations 
of great importance withm these world systems Over 
mid-Eurasia there is always a high-pressure region m 
midwinter and a low-pressure region m midsummer , but 
where the continents and oceans meet there is a good 
deal of local variation For example, the British Isles are 
m the temperate low-pressure zone, and yet it is quite 
common in spring to find a local high-pressure system 
developed over the British Isles and the adjoining seas 
Some of these local developments wiU now be discussed 
Cyclones ^ — In mid-temperate latitudes, especially 
over such a region as Western Europe, there is often 
found a local system with low pressure m the centre, 
and a more or less concentnc mcrease of pressure 
outwards If the system is represented m the usual 
way by isobars, these hues are seen to be more or less 
circular or elliptical in shape, and to mdicate a fairly 
rapid mcrease of pressure from the centre outwards 
The pressure m the middle of the system is often as low 
as 970 mb , it may be even lower than that m rare 
cases The barometnc gradient is generally 5 mb or 
more for every degree of arc 

These systems vary considerably m area, rangmg 
from as little as 100 miles m width to 2000 miles , a 
general average width is about 1000 mdes They are 
obviously very shallow systems in comparison with 
their area, as they cannot extend higher than about 6-7 
miles as will be seen later 
^ Usually called " depressions ” or lows in this country 
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The \Mnds in the first few hundred metres above 
ground m a c} clonic system do not blow directly ln^^a^ds 
toward*^ the low pressure centre, tlieir direction is 
generally more or less parallel to the isobars, with a 
marked tendency to swnrl m tow^ards the centre These 



Tic 3S — D ^cpammatic Mai of a Cvclonf anh Aujoimng 
S\ Tivs AS nrMioirn on Mapch iqth, 192^ 

The tr'CK o Uic c\clons, (ihc of the c>c of the sjslcm) for 

mS ! o irs i<; *:houn hv the brolcn line btl\vccn the t\\o 
1^0* ars for c\cr\ 2 mb 'ircsbo\\n, from 1004-101S mb 

Winds 01 Cj» clones illustrate the " law^s ” of Ferrel and 
Bu\^ Bsdint \crv clearly 

\Ulioir h simplified ^0 fir as absence of friction is 
concLrned there arc at higher leads within the system 
^Oiiicwhit complicated conditions which are still the 
subject of inacstigition , it is 1 -nown that there are 
currents of nr nsinc: obliquely, and that frequently 
iS 
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cold currents from the north or north-east pass under 
and lift up warmer currents from the south or south- 
west The air m the middle of a cyclone clearly does 
not ascend directly as up a warm chimney, as was at 
one time supposed to be the case 

A cyclonic system in temperate latitudes moves 
along a well-defined path at a rate which is very vanable 
for different cyclones The velocity of translation is 
usuall}^ greater m ^vmter than m summer, and cyclones 
of great mtensity (those with steep gradients) travel 
faster than shallow ones The average velocity of 
North Amencan cyclones is estimated at about 26 miles 
an hour, that of Japanese cyclones at 24 mdes an hour, 
and that of European cyclones at 16 miles an hour 

Very rarely do any of the numerous cyclones of 
North Amenca cross to Europe , for, on leavmg the 
Amencan coast, they generally travel northward and 
north-eastward and break up m the Polar regions The 
frequent cyclones of Western Europe ongmate over the 
North Atlantic and generally travel eastward or north- 
eastward, their paths avoidmg the high lands of Middle 
Europe and Scandmavia for the most part In summer, 
when the Azores high-pressure system spreads north- 
ward, the cyclonic tracks seem to be forced nearer to 
the Icelandic low-pressure region Many meteorologists 
have attempted to make charts of cyclomc tracks m 
Western Europe , one of the most helpful is that of 
Geddes m his Meteorology, where he shows the tracks of 
the cyclones for the year igi8, and gives the numbers 
for each direction 

The " path " of a cyclone is by definition the hne 
followed by the centre of the system as it travels along 
If a hne is drawn through the centre at nght angles to 
the path, this is called the " trough ” of the cyclone 
The trough and the hne of the path by their inter- 
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section mark out the four quadrants, \\hich are known 
as front right (south-east), front left, back right, and 
back left respectively In the front right or south- 
eastern quadrant the winds are usually south and south- 
west in Bntam , tlie atmosphere is “muggy"' and 
opprc‘=:si\c, and there is much cloud and ram In the 
rear of a cyclone the winds are more west and north- 
west , there ore frequent breaks in the clouds, showers 
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alternate with periods of blue sk\% and the atmosphere 
has a bracing effect The front left and back left 
qmdrant'^ of a c\ clone are usually decidedly colder 
linn the other two quadrants In the case of cyclones 
parsing across the British Isles from the Atlantic, the 
front right or south-eastern quadrant is, as a rule, much 
wamiL’' than tlie others as can readily be understood 
from the direction of the winds 
Ihc abo\e brief description applies to cj clones of 
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mid-temperate and cool-temperate latitudes Tropical 
cyclones are much more mtense as a rule — that is, their 
barometric gradients are steeper, and their winds are 
consequently stronger, but the systems themselves do 
not move with any greater velocity These tropical 
cyclones are usually not more than 500 miles m. width, 
and withm this distance there may be a fall of pressure 
from 1020 mb at the periphery to 960 mb at the centre 
— that is, the barometric gradient is about 16 mb per 
degree of arc Tropical cyclones are commonest on 
the western sides of the oceans, and over the seas on both 
sides of India They ongmate over the sea and soon 
break up or become less mtense, especially if their path 
takes them over the land 

Anticyclones ^ — ^These are weU-defined systems with 
pressure high in the centre and diminishing outwards 
in a more or less concentric fashion Their isobanc 
representation shows circles or elhpses as m cyclones 
If the isobars are drawn for the same mtervals of 
pressure as m cyclones, they are seen to be farther apart 
as a rule — that is, the barometnc gradient is not so steep 
In a width of some 2000 miles the pressure usually vanes 
from about 1030-1035 mb. m the centre to 1000 mb at 
the edge of the system — that is, the barometnc gradient 
IS about 2-2 7 mb per degree of arc Wmds are there- 
fore much hghter, as a rule, and more vanable m direc- 
tion , there is seldom much ram, but banks of cloud 
at about 3000 feet, or i kilometre, and ground fog are 
common m many anticyclones over the Bntish region 
On the whole the weather m wmter m temperate regions 
tends to be clear and frosty , m summer, sunny with a 
good deal of mommg mist 

Anticyclones seldom travel in well-defined paths, and 
they frequently remain fairly steady for days or even 
^ Sometimes called " liighs " m this country 
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weeks Thej do not seem to be dircctl} associated with 
or complcmentar} to the c\ clones of similar latitudes, 
and thc\ are not nearlv so frequent in occurrence 
Before Ica\ing the subject of an tic\ clones it should 
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reserve the name Anticyclone for the local and temporary 
weather systems, as seems to have been the original 
intention 

Other Pressure Systems — There are many other 
possible local distributions of pressure, some of which 
receive definite names from the shape and arrangement 
of the isobars The high-pressure wedge is a V-shaped 
arrangement of isobars between two cyclones The col 
is a saddle-shaped arrangement of isobars lying between 
two high-pressure and two low-pressure systems grouped 
alternately Secondary depressions (local systems of 
low pressure) often he withm the periphery of great 
cyclonic areas , they are usually associated with stormy 
weather Straight isobars are frequently seen occupying 
a wide area between a high-pressure and a low-pressure 
system , variable weather is generally associated with 
3uch a system 

In the ordmary weather maps and forecasts issued 
by the Meteorological Office of the Air Ministry, con- 
tinual reference is made to depressions, anticyclones, 
secondaries, and other local pressure systems, and the 
graphical representation of these systems is very 
important 

Ekhohn, a Swedish meteorologist, has suggested 
that the rate of change of pressure should be represented 
rather than the actual pressures at the tune, and he 
therefore draws on his weather charts a senes of hnes 
through places which show the same amount of change 
in a given time , such hues are called isallobars The 
reader may notice small mset maps showmg isallobars 
on the Daily Weather Charts already mentioned 

The Free Atmosphere 

In the discussion of Ferrel’s and Buys Ballot’s laws 
mention was made of the wmds of the upper atmosphere. 
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Modem investigation is showing that many things which 
happen near the earth's surface are either influenced bj 
or directly dependent upon the upper or free atmosphere , 
hence it is necessary to give some account of the findmgs 
of this new and interesting branch of Meteorologj^ 

By the Free Atmosphere is meant that part of the 
earth's gaseous envelope which is beyond and un- 
influenced by the iiregulanties of the earth's solid sur- 
face Very little was knowai about this upper air until 
quite recently The general laws of the rate of fall m 
temperature and pressure with mcreasing height had 
been established dunng the middle part of the nineteenth 
centur5% and it seems to ha\e been assumed that the 
same laws would hold in the unexplored upper air as had 
been established in the first 15,000 feet, or 4-6 kilometres, 
or thereabouts, w ith w hich Alpine students and physicists 
had made the scientific world famihar Borrowang a 
simile from exploration of the deep ocean, it m^y be said 
that soundings began to penetrate deeper and deeper 
into the unknown upper air in the latter half of the 
centuiy Glaisher and CovN\ell ascended in a balloon 
to about 33,000-34,000 feet m 1862, but the exact height 
was not known as both observers had become un- 
conscious Captue balloons wath self-recording baro- 
meters and thermometers were increasingly used after 
that time, and by the end of the century there had been 
pressed into the service kites, ” ballons sondes " (sound- 
ing balloons), pilot balloons, and aeroplanes, in addition 
to the manned balloons and captne balloons already 
mentioned 

Aeroplanes ha\e pro\cd of great use in adding to our 
knowledge of the lowest 3-} miles of the air, and occa- 
‘^lon'^lh bo\ond that, for greater heights sounding 
balloons and kites fitted wath special self-recording 
instruments are now wadel} used The mstruments 



s 8 o CLIMATE AND WEATHER 

sent up with the kites make graphs of the readmgs 
of the barometer, the thermometer, the hygrometer, 
and the anemometer Soundmg balloons are made of 
rubber, and are about i to 2 metres m diameter , they 
usually carry the first three mstruments mentioned 
above To ensure that as many groups of results as 
possible may be obtamed and recorded, a reward of 5s 
IS offered to any one who picks up the fallen framework 
and its meteorograph and mforms the Meteorological 
Office of his discovery Pilot balloons of 18-20 mches in 
diameter are used for determmation of wmd direction 
and velocity , these balloons are comparatively cheap 
and easily sent up , they reach such heights as 3, 4, 5 or 
more kilometres, and their movements may be watched 
by skilled observers usmg telescopic theodohtes 

By the use of these special mstruments and new 
methods a new world of knowledge has been opened up, 
especially since the discovery by Teisserenc de Bort m 
1899 of a layer or stratum m the atmosphere beyond 
which there is no fall of temperature with increasmg 
height The average fall of temperature is usually 
stated to be 1° F for every 300 feet of ascent This is 
broadly true m the lower layers of the atmosphere, but 
the fall does not continue beyond the layer which de 
Bort called the Isothermal Layer This stratum is 
reached at about ii kilometres, or 7 miles, above sea-level 
in cool temperate regions 

After de Bort’s discovery the existence of this critical 
layer was proved m many regions and it is now possible 
to give a tentative summary of results In the Polar 
regions the Isothermal Layer occurs at about 8 kilo- 
metres, m the latitude of London at about 10 5 kilo- 
metres, m Southern Europe at about ii 2 kilometres, 
and near the equator at about 16-17 kilometres Below 
this layer the average lapse rate of temperature holds 
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and the lo\^er atmosphere in which this fall takes place 
IS now called the Troposphere Be\^ond the stratum 
of no change, known as the Tropopause, is the Strato- 
sphere in which there is no further fall of temperature 
and no convection currents exist 

The temperature at 14 kilometres (nearly 9 miles) over 
fi\ e regions in Europe has been found to vzny from 218° 
to 223*^ \bsoIute — that is, from - 55® C to - 50° C , being 
higher in Northern Europe than m Southern Europe 
The pressure seems to become almost uniform all over 
the world at about 20 kilometres (12^ miles) above the 
earth's surface, the av’erage for the j’-ear being about 
55 mb , compared with a vanable pressure at sea-level 
ranging from 960 mb to 1040 mb The changes of 
pressure be} ond 20 kilometres are as yet httle knowm, 
but it hps been calculated that at a height of 120 kilo- 
metres (75 miles) the pressure will be about 0 0008 mb 

The height above which there is no change of temper- 
ature varies with the seasons, and is lower over cyclones 
and higher over anticyclones Another important 
di'^cov erv’ IS that in tlie cntical la} er the movements of 
the air are mainly m a horizontal direction — that is, 
there seems to be little passage of air from the tropo- 
sphere below to the stratosphere abov’^e, or v:cc versa 
Ihe general direction of this honzontal movement is 
from the cist in the tropics and from the v^est in extra- 
tropicil regions 

Withm the troposphere convection currents are, of 
course, common, and the rclahvc composition of the air 
remains practically constant throughout There is 
still mucli to be learned regarding the composition of 
the stratosphere, but it is almost certain that beyond 
the cntical laver there is no moisture and probably no 
carbon dioxide The constituents of the upper atmo- 
sphere bc}ond about 100 kilometres are vanousl} given 
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by different authorities as predominantly hydrogen, or 
helium, or geocoronium with hydrogen respectively 
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CHAPTER XV 


SOME CONCRETE STUDIES IN CLI^^IATE 

It may be advisable now to take certain veil-marked 
climatic t\’pes and to stud}^ them in more detail The 
region of tropical calms, where the trade wnds pass 
gradually into the ascending air currents of the low- 
pressure equatonal zone, suggests itself as the first type, 
and from tins it will be convenient to pass to other tj^pes, 
some of them modifications in the equatonal regions 
themsches, and aftcn\ards to higher latitudes, noting 
some of the changes in climatic character 
The Equatonal^ Hot, Eainy Belt. — This is essentially 
a belt of calms, and there is an absence of regular \vinds 
Tfie sun shines overhead,^ or at a very high altitude, all 
the jear round, the earth's surface becomes intensely 
hot dunng the day, and the air is heated by the usual 
methods of conduction and convection currents The 
warm air contains a great deal of moisture, and as it 
n^es and is cooled by expansion, rain falls m great 
quantities Thus the belt is hot and rainy, and some 
of the hea\acst rainfalls of the world are recorded 
There may be two \ery wet and two less wet seasons 
m the 5en.r, owing to the mo\ing of the heat equator, 
but on the whole there is no really^ dry^ season, it is 
essentially a zone of continual rams There is httle 
seasonal difference of temperature, a range of very 
few degrees being all that is recorded in most parts, 

' \t noon. 
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except in the middle of the continents and on equatonal 
plateaux On the other hand, the daily range is con- 
siderable, the extremely hot day being succeeded by a 
relatively cool night 

As the land becomes much hotter than the neigh- 
bounng sea dunng the day, warm air will rise and 
cooler air come in from the sea , thus land and sea 
breezes may be a regular feature, land or offshore breezes 
at night, sea breezes dunng the day 

The typical conditions of heavy ram, low seasonal 
range of temperature, are well developed near the equa- 
tor in the Atlantic and Pacific Oceans, in the Valley 
of the Amazon, the Basin of the Congo, the northern 
lowlands of the Guinea Coast, and the lowlands of equa- 
tonal Malaysia The typical development is modified 
on the highlands of Ecuador, the highlands of equatonal 
East Afnca, and the mountains of Mala3rsia, including 
New Guinea In Ecuador, which may be taken as an 
easily understood modification, there are well developed 
three or four ascending climatic zones, tiora calicnte 
or hot belt, iierra tcmplada or temperate belt, hena 
^na or cool belt, and iietra hehda or snow belt 

The plateaux between the equatonal Andes have a 
warm-temperate or cool-temperate chmate, according to 
elevation , Qmto, the capital of Ecuador, at a height 
of 8000 feet, has almost “ perpetual spnng,” owing to 
its elevation and its position on the equator The 
equatonal position is responsible for the low seasonal 
range , the altitude, for the temperate average ^ 

The Hot Regions of Summer Rains. — Outside the equa- 
torial zone of rams all the year round there are on both 
sides of the equator narrow belts where “ the rams follow 
the sun ” The rams are therefore essentially abundant 

' See pages 321-326 for examples of most of the climatic 
types 
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summer rams, and a ell-marked dr\ season of five oi 
si\ montlis mtcr\cnes In these belts the difierencc 
of temperature bct^\een day and night, and especialh 
between the hot and cold seasons, is more marked 
This climatic type occurs close to the hot ^vet belt, 
and IS veil developed in Nigena, the Upper Guinea 
lands, the southern Congo Basin, the north coast of 
South Amenca, and northern Australia In the Congo 
Basin the rainy seasons of the northern and southern 
tnbutanes occur in alternate seasons , the same 
happens m the Amazon basin 
The Trade-Wind Type, — Beyond the zones of summer 
rains on each side of the equator, are the zones where 
the trade vinds blow steadily These winds blow from 
cooler to wanner regions, and the capacity of the air for 
moisture is being increased, hence if the trade winds 
blow across the land they are dry winds, absorbing 
moisture from the land surface As the trade winds 
blow from north-east north of the equator and from 
south-east south of the equator, there wall be a desert 
belt on each side of the equator, on or about the 
latitude of the tropics, wherever the extent of the 
continent allows of it These tjrpical hot deserts are 
found in North Afnca, South Afnca, Austraha, south- 
western Asia, Mexico, and southern United States, and 
South Amenca. In these deserts the daily range 
temperature is very great, and the seasonal range is 
much greater than it is nearer the equator , the hottest 
summers known are found in these belts On tem- 
perature maps showing isotherms, the famihar closed 
areas of over 90® F are mostly in these desert areas, 
for example, see a temperature map of Afnca. 

lius desert condition is modified when the trade 
winds blow across an ocean and aften\ards nse over an 
eastern side of a continent. Then these eastern con- 
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tinental sides of the trade-wind zone may receive fairly 
abundant rains The south-east of Afnca, including 
Madagascar, the east and south-east of Austraha 
the south-east coast of Brazil, the Guiana coast of 
South Amenca, and the West Indies and Central 
Amenca receive trade-wind rains 

The Mediterranean Type of Chmate — Passing still 
farther from the equator we come to that t5q5e of 
chmate which is deservedly called the Mediterranean 
type, because that particular region shows it normally 
developed The essentials are dry, warm summers 
and wet, mild winters As the sun in its northern 
journey reaches the hmit of the tropic hne, the trade- 
wind belt, of course, swings northward and extends to 
between 35° and 40° north The Mediterranean and 
northern Afnca are now within trade-wnd influences, 
and the summer is therefore dry and warm Dunng 
the winter the sun migrates southward to its southerly 
tropic hmit of 23^° South The trade-wind belt swings 
southward, and its northerly hmit is now south of the 
Mediterranean This region is, therefore, ^vltlun the 
hmits and under the influence of the westerly winds, 
the so-called anti-trades These bnng rain from the 
North Atlantic Ocean, and so the Mediterranean receives 
westerly rains This type of chmate may be summed 
up as follows dry, warm summers , mild and rainy 
winters It occurs in similar latitudes on the westerly 
side of all the other continents — middle Cahfomia, 
middle Chile, the extreme south-west and south of 
Afnca, south-west and south Austraha 
The China Type — On the opposite side of the great 
continents there is a different type , the rains come 
in summer and the winters are dry The winter 
temperature is much lower than in the regions of 
Mediterranean type Mukden in Manchuna, for 
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ex'imple, in latitude 40®, corresponds m position with 
the Mediterranean It has summer rains and drv 
waters , Us a\eragc January’’ temperature is 8® and its 
a\cragc Jul} temperature 76° 

Korea, m latitude 39®, has summer rains, with an 
a\cnge Januarj temperature of about 26° and a July 
temperature of 74° Nagasaki, \\hich is m latitude 
32®, has a Janiiar\ temperature of 41° and a July 
temperature of So® This is the Eastern or China 
^^arm temperate tjpe, wth rclatnely cold \\ inters 
and V arm summers The rners of the north of China, 
though in the same latitude as Spain, are froren in 
winter Snow falls nearer the equator in China than 
anwhcrc else m the world, the winters are relati\eh 
•^0 cold Somewhat similar conditions hold in the 
eastern United States, except that Florida and the 
Gulf regions are nearer the equator than the places 
quoted in Eastern \sia, and the winters are not nearh 
so cold Natal and the cast of Australia south of about 
latitude 30° south, belong to a modified Chma ttpc, m 
boMi ca‘=es haMiig milder winters, howe\en 

Tno British Typo of Climate, or Western Cool- 
Temperate T3rpe. — Passing from the warm -temperate 
to the cooMcmpcr*^tc rone, we meet with another Uqic 
Xppro^mntcK ht 45® ma\ be taken as the arbitrarj' 
diMSion between wairm-tcmperate and cool temperate, 
though it IS notorious that there is sometimes a difference 
of quite 10® of latitude between the two sides of a 
continent Bro'^dlj speaking, the warm temperate zone 
lies between 23^® and 45®, and the cool temperate 
rone between 45® and CGj® Tlie trade-wand belt 
occupies much of the warm-temperate zone, cspcaally 
in summer 

The cool temperate tj'pe is well seen m the BntisL 
Wes, most of France and Continental Europe, north 
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of the Alps, and as far east as Bohemia The part of 
Scandinavia south of the Arctic Circle is also of this 
t)^, excepting that the lugh elevation of much of it 
causes a modification of conditions, and gives to its 
plateaux an arctic chmate The winds are westerly 
for the most part, and rains therefore fall nearly all 
the year round, more especially in late summer, autumn, 
and winter The range of temperature is nowhere 
very great The chmate may be summed up as rainy 
at all seasons, with cool wnters and moderately warm 
summers 

Bntish Columbia, with its island fnnge, southern 
Clule, South Island, New Zealand, and Tasmania have 
this westerly-wnds type of chmate 

The Laurentian Type — On the eastern sides of the 
continents in approximately the same latitude there is 
a somewhat different chmate , the winters are a good 
deal colder, and the summers are very shghtly warmer 
Rainfall is not nearly so abundant Tins has been called 
the Laurentian type, because its typical development 
is in the lands round the mouth of the St Laivrence 
Northern Manchuna and the extreme south-eastern 
comer of Argentina are of the Laurentian type No 
part of Afnca or Australasia comes within it The 
rivers are ice-bound in winter and most of the harbours 
are closed The following are t5^pical examples of 
this Laurentian chmate 



Lat 

Jan Temp 

Juh'Temp 

NikoHyevsk (at mouth of Amur River) 

50 ° 

-9“ 

61° 

Vladivostock in Eastern Manchuna 

43“ 

-4“ 

66“ 

Halifax in Nova Scotia • 

44° 

22° 

6S" 


The Tundra Type of Climate — StiU farther from the 
equator, and within the Arctic Circle, we come to the 
last type to be considered, — ^the Tundra or Arctic 
Lowland type The year here consists of two seasons. 
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a long, severe vinter \vith very little daylight, and 
a short summer wnth continuous or almost continuous: 
da} light, but of low intensity The atmosphere is cold 
and the pressure is usually rather high There is not 
much rain and it may be called the cold-desert type 
Herschel Island, at the mouth of the Mackenzie River 
may be taken as a good example 
Herschel Island, lat 69° N Rainfall very httlc 
Januar} temperature, -20° , July temp ,44°, range 64° 
The abo\c are the chief climatic t}?pes It vail be 
noticed that c\eTy one is veil represented in the Old 
World, in the Northern Hemisphere, and the develop- 
ment of each type is so distinct that it may be well 
studied there From the equatonal basin of the Congo 
to the arctic tundra of Northern Russia, there is every 
vestem modification, while the Chinese and Laurentian 
t\T>C5 arc represented on the eastern side of Asia 
We have thus far dealt with the normal chmates 
of the earth's surface first of all as produced by the 
madcnce of the sun's rays on the earth's surface, and 
the rotation of the earth, and as modified in the most 
obvaous and elementary manner by the relation of 
the continents to the oceans on their w^estem or eastern 
‘:ide'> These clrnatic t}*pes are the direct results of the 
planetar} arculalion, modified by relations of continents 
to oceans , the Mediterranean as distinct from the 
Clnnese , the British as contrasted with the Laurentian, 
for e^ ample Now we pass to that most remarkable 
modification J nowm as the " Monsoon climate, where 
for near!} Inlf the year tlie normal planetar}^ circulation 
is ab'^ohitcl} reversed, and unique conditions are set up 
The Monsoon Chmatc. — Tlie t5q)ical development of 
tlu^ climate is in south-eastern ^sia and the adjacent 
octans The groat \siatic bnd mass has an cast to west 
cxtcn*:ion, lies wholly north of the equator, and extends 
10 
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north to within the Arctic Circle Parallel to the greatest 
extent of the continent hes a great ocean, the continent 
and ocean lying on either side of the equator Con- 
sider first the northern summer, when the sun is north 
of the equator and at its farthest northward extension 
IS vertical over the Tropic of Cancer on 21st June The 
continent is now warmed to a temperature much higher 
than that of the Indian Ocean, the warmest part of 
the continent, having an average sea-level temperature 
in July of over go° North Persia and Mesopotamia, a 
large part of Arabia and some parts of north-west India, 
have then very high summer temperatures It is 
obvious that there will be a low-pressure area in that 
region, and as a matter of fact a vast area has an average 
pressure below 29 5 inches At the same time the 
pressure over the Indian Ocean is above 29 9 for the 
most part Air will therefore flow from the Indian 
Ocean high-pressure area to the continental low-pressure 
area Owing to the influence of the earth’s rotation 
tlus produces an inflow of air from south-west to north- 
east over southern India, from south to north over Siam, 
and from south-east to north-west over Chma The winds 
blow tnio the continent all along the southern and 
eastern border from about May to October , these 
are the summer monsoons of southern and eastern 
Asia , it IS obvious they will generally be rain-beanng 
winds, and it is quite easy to see why south-eastern Asia 
has such a high summer rainfall, especially where the 
ground nses abruptly and alters the direction of the 
rain-beanng winds , as, for example, in the lands to the 
north of the Bay of Bengal, where the highest known 
rainfall in the world has been recorded In the northern 
winter the sun travels south of the equator, and is over- 
liead at the Tropic of Capricorn on 21st December , the 
continent now cools down quickly and the surface of Asia 
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becomes much colder than the surface of the Indian 
Ocean \ verj^ large area in the middle of Asia has an 
a\erage January temperature of -30° or belo^^, \\hile at 
the same time the air over the Indian Ocean is at 70® or 
o\ or There is thus a great difierence betVi een the contm- 
ent and tlie ocean Non\ the high-pressure area is over 
the continent, a large part of its atmosphere being over 
30 5 inches pressure, while the pressure over the Indian 
Ocean is below 29 8 inches The winds therefore blow 
from the continental high-pressure area to the oceanic 
low-pressure area, though again, ovnng to the earth’s 
rotation, they do not blow dirccily from the high-pressure 
area to the low-pressure area Tlie vMnds blow outwards 
from the continent on the eastern side, and on the southern 
side in India and Baluchistan distinctl}^ from the north- 
cast Tlicse winds blow rouglily from Nov ember to I^Iarch 
or \pril and are as a rule dr} winds , and the period of 
their predominance is the “ drj" wanter ” of southern and 
eastern Asia These seasonal wands are the “ Monsoons 
In no other part of the world are monsoon conditions 
so well established, though they arc felt in north-eastern 
Au'^tralia, m the Guinea coast lands, in north-eastern 
\fnca, and in the south-eastern parts of the United 
Stale-, where planetarv" conditions arc overridden, and 
wci summer winds supplant the usual trade w^nds to 
some e\tcnt 


Region vr Studies ik Ciimate 

To undc'^stana the pnnciplcs of climate more tlior- 
ouciis it IS advisable to studv the chnntas of certain 
v^ell InovTi rccrioH'^ in «:ome detail The follovinc: arc 
‘^t'cclca tv pcs Tlic British I«=lc5, the Mediterranean, 
No^li \n c-aca, India, Australasia, South Africa Tlie 
of the climate of these rceions will illustrate 
fcrcral princ’p^cs Some amount of repetition is 
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inevitable The student should constantly refer to the 
chmatic maps of a good modem atlas 
The British Isles — ^These islands he in the region of 
prevalent westerly winds To the casual observer 
the winds of the British Isles may seem very vanable, 
but when they are tabulated year after year it is evident 
that on the great majonty of days the ivind blows from 
west, south-west, or north-west There are north-east 
winds on a considerable number of days, but these winds 
are by no means so common as the westerhes 
As the commonest winds blow from over a warm 
ocean, they will bnng to the Bntish Isles a considerable 
amount of moisture Meeting the western hilly regions 
as they do athwart their direction, there is heavy pre- 
cipitation on the westerly side, with a general diminu- 
tion towards the east, though, of course, there are many 
minor vanations An average annual rainfall of over 
80 inches occurs in the south-west of Ireland, in South 
Wales, in North Wales, in the Lake Distnct sahent, and 
in the north-west Highlands of Scotland Some parts 
of the low lands in the south-east receive less than 
25 inches per annum Very sharp " rain-shadows ” are 
seen in the Wirral Pemnsula, in the “ North-eastern 
Plain,” in the Somersetshire lowlands, all cases where 
lowlands he well under the lee of moorlands on which 
the rainfall is relatively heavy 

The distnbution of the rainfall throughout the year 
IS approximately as follows, in percentages 



Winter 

Spring 

Summer 

Autumn 

Ireland 

28 

21 

24 

27 

West of England 

28 

19 

24 

29 

East of England 

23 

19 

28 

30 


The all-the-year distnbution of the rainfall is obvious 
Spnng IS the dnest time on the whole 

With respect to temperature it has already been 
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pointed out that the average for the year is higher than 
that of any region in the same latitude The distn- 
bution of the isotherms is vorth noting In umter, as 
may be expected, the temperature diminishes towards 
tJie east, and the east of the Bntish Isles is the 
cold region, while the oceanic side is warmer The 
Jamiaiy- isotherm of 40° runs from the Orkneys, almost 
through Cape Wrath, along the west of Scotland, the 
north west of England, along the borders of England 
and Wales, and across Wessex to the Isle of Wight 
Some portions of eastern Great Bntam have an average 
of less than 38° , and some parts of the extreme west 
of Ireland have an average of over 42° in January 
The 40° isotherm may be talcen as the average for the 
Bntish Isles for the coldest month In summer the 
Isotherms run more nearly east and west, and thus 
the normal arrangement holds, — ^the north being cooler 
than the south The 60® isotherm for July may be taken 
as the average, and it extends across the middle of 
the Bntish Isles from east to west, wth a distinct bend 
southward in the Insh Sea Only a small part of the 
Bntish Isles in the south-east has a Jul}' average 
temperature over 64°, and there is onlj' the shghtest 
portion wnth an average for July below' 56° Thus, 
if jO® be tal-en as the average of the coldest month and 
60° as the average of the warmest month, we ma} take 
50° as the approximate average temperature for the 
whole of the Bntish Isles for the year The student 
mav profitablv compare these constants — ^40°, 50®, 60® 
— V ith the constants for, say the North-German plain, 
or the middle of Russia m similar latitudes 



Briii'i'i Isles 

Berlin- 

Moscow 

Co'dcLvs r'orth (Jwiuaij) 

40* 

32* 

XZ* 

r o'llh (Jiilv) 

6o* 

66* 

66* 

a\cn{;c for} car 

50* 

4S* 

-11* 
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Areas of greatest winter cold below 38®F 
Areas of highest v/inier temperature above 42°F 
/ Above 44® F 

Fig 41 — The Distribution of Temperature, at Sea-Levbl^ 
IN THE British Isles 

Note the region in the Eastern Midlands with January temperature, 
below 38° F , and July temperature above 62° F This is the region 
of greatest extremes in Britain, the range being over 24® F 
Tnere is a very small region in the north west of Ireland where 
the January temperature is ahtrve 42® F , and the July temperature 
IS below 58 ® F , the range being below 16 ° F 
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The dominant characteristics of the British climate 
ai c therefore 

(1) Predominance of west erh wands 

(2) Ram all the }car round, with the least amount 

in late spring 

(3) The wc«?t IS the wetter side 

(4) The west is warmer than the cast in winter 

(5) The range of temperature is low con^^idering the 

latitude, and the mean temperature is relative!} 
high 

Europe in Qcnerah — \\ ith the exception of a small 
part of northern Scandinavia and the far north of 
Rii'^sn in Europe this continent lies wholh in the 
intermediate or so-called north temperate zone It 
extends from 35*^ to 71® north latitude, so that if we 
itcept 15° N as an arbitrary diMding ime between the 
wanner and the cooler sub-dnisions of this rone we 
nia} -^cc from the map that rather more of Europe 1^ 
in the warm-temperate half than in the cooler half 
Europe i^^ a peninsular extension of the \ast land-mass 
of Eurasia, haMng the deep, warm Atlantic Ocean on 
The wnolc of its outer western border, the warm, deep 
Mcducrrancan Sea on its southern, and the shallow 
conti lont'^l '^ca^i on it*^ northern and north-western, sidt 
It miportant to bear m mind the shallowaicss of the 
White Sea, the Baltic Sea, the North Sea, and the 
narrov <eas of the British Isles , all these are rare!} 
more than 300 feet deep, and the} are really parts of 
ihc conlincntpl plain cohered with but a «^hallow sea 
Vncti'cr important factor is that the North \tlantic 
() can o.i Western Europe has, allowing for its latitude, 
Mie Li3iic<it <iurface temperature of the occ'^ns 

It IS <^ir;nific'^nt that Europe is a ars/err extension 
and not an eastward extension of the great continental 
inas«^ of vhich it is a part, for this means that it lies 
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m the tracL of the prevailing south-westerly winds of 
the northern hemisphere’s intermediate latitudes When 
we remember, too, that Europe is more penetrated by 
seas than is any other continent we can readily under- 
stand some important features of its climate North- 
western Europe has the warmest climate m the world 
for its latitude, and its Atlantic harbours are seldom 
troubled by ice The warm south- west erty winds, the 
rains from the west, and the warm surface drifts from 
the Atlantic keep open all the year some of the outer 
harbours of Scandmavia even withm the Arctic Circle 
Westerly or Atlantic mfluences doirunate western Europe, 
especially in \vmter, and even penetrate as far eastward 
as mid- Russia, where iloscow receives 21 mches of ram 
per year on an average Similar mfluences penetrate 
the ]\Iediterranean region so far east as the Southern 
Caucasus and even Mesopotamia, and the northern 
Levant, Syria, and Palestme receive Atlantic-fed rams 
in the winter 

Another important feature of Europe should be 
appreciated, and that is the orientation of its oro- 
graphical features, which have on the whole a west to 
east extension We may distmguish four structural 
units which have this west to east duection — the 
Mediterranean Sea, the Alpme system on the whole, 
the great European Plam, and the old mountams of the 
British Isles and Scandmavia The reader may profit- 
ably compare Europe with North America m similar 
latitudes m this respect 

Three chief climatic types may be recognised m 
Europe . 

(a) The north-western or Atlantic type 
(&) The Russian or mid-contmental t5^e 
(c) The Mediterranean type 
(a) The north-western type is essentially equable m 




rtr \2 — Tirr Ciimatic Provincfs or Et Rorr 
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temperature, both daily and seasonally, with a high 
average temperature for its latitude , the wmds are 
mostly westerly, and there is ram at all seasons Cyclones 
are numerous, and there is much cloud The weather 
IS variable, but the changes are numerous and rapid 
rather than great , really very hot weather and very 
cold weather are almost unknown , and long spells of 
continued ram or of contmued fine weather are not 
common 

This Atlantic type is well represented by the British 
climate, which has been described already, the wider 
type extends from the North Cape to the mid- west of 
the Iberian peninsula, with the same general characters 
There are, of course, differences due to latitude, one of 
the most important of which is the diminution in the pro- 
portion of summer ram noticed as one proceeds south- 
ward on the Atlantic margm of the contment Santiago, 
m north-west Spam, receives only lo per cent of its 
rather heavy ramfall m the three summer months — June, 
July, and August , Lisbon, stiU farther south, receives 
only 4 per cent of its ram in the same three months , 
and Gibraltar is decidedly Mediterranean, and not m 
the north-western climatic provmce at aU, receiving 
about per cent of its annual rainfall m the three 
months mentioned 

(b) Most of Russia has a typically extreme climate of 
contmental type This part of Europe is climatically 
allied to Asia, and Kendrew treats Russia m Europe 
along with Asiatic Russia ^ The usual seasonal changes 
of pressure of continents m mtermediate latitudes is 
experienced, high pressure in wmter and low pressure 
m summer, except that a summer wedge of relatively 
high pressure extends from penmsular Europe into mid- 
Russia The ramfall is decidedly a summer one , 
^ See Kendrew, The Climates of the Continent 
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for example, receding m the six months 
\pnl to September 13 3 inches of Us annual average of 
21 inches, or 63 per cent of summer War5a^^ also 
rcccues 63 per cent and Kie\ 61 per cent in the same 
SIX months Much of this summer ram comes m the 
usual nud continental form of thunderstorm ram, and 
the moderate amount of fall is quite compatible ^^ath 
a Inch percentage of sunshine 
The temperature range is extreme, verj" greatlj so 
in contrast mth similar latitudes m \\estcm Europe 
the u inters are \er} cold, and the summers are hot 
riic ?\eragc daih^ temperature rises verj rapidlv in 
\pnl, and falls wath corresponding rapiditj m October 
\ useful stud\ is to compare two places m nearly the 
<^amc latitude in this respect — London wath Orenburg 
m c'^'^tern Ru'^sia At London the average dail\ 
temperature rises from 45° F to 50® F , that is a nse 
during the month of 5® F , at Orenburg the rise dunng 
the month is 21® F , that is from 27° F to 48° F The 
bcason*^^ ranges of temperature of the two places may 
be compared usefully as illustrating the two types 

Jinuarv Juh Range 

I c-fion 3SY r 0 -^° r 24° r 

si'’ r 71° r r 

(r) The Mediterranean climate is treated separately 
m the fohowing section (p 301) 

Central Furopc is cicarh transitional m various stages 
belvccn the three chief t5’pcs \Miile the vands are 
\ve>tcn\ and south-^^cstcrly more than from other 
direct lon*^, thc\ arc not so persistent as m the Ulantic 
jiroMncc, and c\ clones arc not nearly^ so common On 
tl c oMicr Ipnd, antic\ clonic conditions are commoner, 
i-pccia^'v wntcr \erj often, while the British 
Flcs arc c'pcricncmt: a succession of westcrlj vands, 
w^rrn run<^, and warm weather, the European Plain is 
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under the influence of an anticyclone, and the weather 
IS calm, clear, and cold, especially at nights On the 
whole the rainfall comes all the year round with a 
tendency towards a decided summer maximum , and 
there is no pronounced dry season East of about io° 
longitude the rivers are sdmost mvariably frozen for a 
time m the wmter, the length of the closed period 
increasing towards the east Icebreakers have to be 
used on the Elbe almost every wmter, the Oder is 
usually frozen for two to three months, and the Vistula 
for about a month longer Even the lower Danube, 
although so far south, is generally closed for over a 
month, and m more severe wmters for a longer period 
There are two quite minor developments of other 
climatic types m Europe In the extreme north of 
Finland and Russia the Arctic lowland or tundra type 
of climate is experienced The precipitation is slight, 
the wmters are very cold, the summers are cool, and the 
annual temperature range is 5o°-6o° F A Januarj 
average temperature of o° F , and a July average tem- 
perature of 55° F would correctly represent the region 
The surface of the ground is frozen hard for most of the 
year, the upper three feet or so thawmg for about 
three months , at a depth of four or five feet the sub- 
soil IS permanently frozen The nvers are closed by ice 
for at least six months on an average 

In the extreme south-east of Russia the climate 
passes mto the semi-desert type The ramfall is about 
4 to 6 inches a year, and is irregular and uncertain 
The range of temperature, 6o° F or more, is high for 
such mtermediate latitudes as 45°-5o° N Precipitation 
IS so low and evaporation so high that there is no 
oceanic dramage, and the Caspian basm is not filled to 
normal sea-level with water , m other words, all the 
northern shores of the Caspian Sea are below sea-level 
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Tlio Mediterranean Eegion — In this region we include 
the ■Mediterranean itself, the southern peninsulas of 
Europe, the extreme south of France, Asia Minor and 
the Lo\ant lands, and Africa north of the Great Desert 
The peculiar features of Mediterranean chmates have 
alrcadj been vorked out in considering the general 
planetary arculation These conditions are dry, warm 
summers, and mild, rainy winters, with, of course, 
local \anations dependent upon local conditions Tlus 
tjTJC IS clnractenstic of latitudes about 35®-40° on 
tile V est side of the continents and it is more or less 
completely de\ eloped in the five continents where it 
IS possible — Europe, North Amenca, South America, 
South Afnca, South Australia 

In the 'Mediterranean type region, the long com- 
paratnelj narrow, but deep inland sea, wth the branch 
seas the Adriatic, the ^gean, and the Black Sea, 
cause the peculiar Mediterranean conditions to extend 
far into the continents So far cast as western Persia 
the influence of Mediterranean conditions is clearly 
felt, for the hmited rains there are winter rains brought 
by westerly wands The distribution of rainfall at 
Malta may be taken as an example of well-de\ eloped 
■Mediterranean conditions The annual rainfall of 
about 21 inches is distributed approximately' as follows 
— 10 nehes Vinter, 3 mches sprmg, i mch summer, and 
7 indu-'' autumn 

The n O't remarkable local modification m the Mediter- 
riiican remo 1 uscM is tne excessne rainfall of the Karat 
or Ininn nn coast lands on the east of the Adriatic 
A m D imum a'lnual rainfall of about 200 inches is 
rCv.o'dea 111 the Dilrnatian \illagc of Cherk\itcc The 
rc’aini.'_> v '>rm vinos of the Adriatic are forced to 
a-'cenu r ’n’oly the ab-upt mountain wall of the Dmanc 
Mpa, and rij'id condensation and exceptionally hea\y 
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rain follows Some rain falls in summer in this region, 
though not a very large proportion of the annual total 
Ragusa, which has a rainfall of about 6o inches, receives 
only one-eighth of it in the three summer months, June, 
July, August Tneste has rain all the year round, 
the Mediterranean type is there partly merged in the 
Alpine type, which is a combination of the three chief 
European t 5 rpes of Atlantic, Mediterranean, and Con- 
tinental 

The following particulars of some well-known places 
illustrate the relation of winter and summer temperatures 
in the Mediterranean region 



Lat 

Mean Annual 
Rainfall 

Jan Temp 

July Temp 

Range 

Genoa 

. 44*^ N 

52 ms 

45° 

75° 

30" 

Marseilles 

43® » 

22 „ 

43° 

72“ 

29° 

Naples 

. 41® » 

34 M 

46“ 

76“ 

30° 

Athens 

38® M 

IS i» 

48° 

80“ 

32° 


North America — ^This continent has its greatest 
extension from south to north, and stretches from 
within the tropics to well within the Arctic Circle It 
therefore exhibits aU the variations of chmate due to 
difference of latitude which may be expenenced in the 
normal planetary circulation of winds The great mass 
of western highlands introduces modifications due to 
altitude, for in that region there are differences of eleva- 
tion ranging from below sea-level to nearly twenty 
thousand feet, which is, of course, well above the limit 
of perpetual snow 

North Amenca shows characteristically the differ- 
ences between the western and eastern sides of a con- 
tinent as well as those differences due to latitude and 
altitude On the western side, for example, British 
Columbia has the British type of climate, wnth prevalent 
westerly winds, considerable ram distributed throughout 
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the }car, and a mild climate ^^lth a low range of tern 
pcrature In corresponding latitudes on the eastern 



Fig — Xorru rRic\ 

^\r ^ \1 “^<<11100(1 to cl Note th» \'i\ in 

^ 1 h I c (. fr >i i ^ r t to 1 on tlic ^ hoU 

there the Laurentum t\pc of climate, with a 
luiich cT^atcr r'^ngc of tcirp*.ratiirc, colder v inters, and 
i lowt*' i^*»can '^nniia^ tcinpcraiine The a\cngc '’nnnal 
i^uMK’'in^ thu^ ^iopt from nonli-wcst to south cast 
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across the northern part of North Amenca, and there 
IS a chmatic difference of about io° of latitude , that is, 
places on the eastern side have roughly the same average 
temperature as places m ten degrees higher latitude on 
the western side 

Again, on the western side, in Cahforma, the Mediter- 
ranean type of chmate obtains, with dry, warm summers 
and mild, rainy winters Immediately south of this 
zone comes the desert type of southern (Lower) Cah- 
fornia, Utah, and Anzona, corresponding to the Sahara 
in western Afnca In corresponding latitudes on the 
eastern side there is a Chinese type well developed, with 
wet summers and cold winters In North Amenca, 
however, the eastern chmate is somewhat different 
from eastern Asia, for there is more ram throughout 
the year than in Asia The range of temperature is not 
nearly so great as in south-eastern China, where, as 
already mentioned, lowland snows are found nearer the 
equator than on any other part of the earth’s surface 
Compare the chmatic details of two places m China and 
eastern North Amenca, in nearly the same latitude 
and otherwise similarly situated 

Lat Rainfall Jan Temp July 1 emp 

Wei hai-wei . 37° 22 ins 30° 76’ 

Cape Hatteras . 35° 63 ,, 46° 81° 

also two m similar situations but m slightly lower 
latitudes 



Lat 

Rainfall 

Jan Temp July Temp 

Shanghai 

. 31° 

44 ms 

00 

0 

00 

0 

0 

Savannah 

32° 

52 „ 

50° 81“ 

Central America and the West Indies lie within the 

trade-wind belt 

These 

wmds 

blow from a warm 


ocean to a land where the highlands lie athwart their 
directions It must be emphasised agam that the trade 
winds blow from colder to warmer latitudes, and are 
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thus essentially drying winds , but when they blo\\ to 
lands ^%hcre they are compelled to nse rapidly, the- 
cooling due to rarefaction causes rapid precipitation and 
there IS ram on the wndward side of these lands The 
difTercnce beh\een \nndward and leeward sides is 
especially well shown in some of the West Indies The 
island Porto Rico, for example, has a hea\^ rainfall on 
its cistern and north-eastern side, \vhile on the southern 
and south-western sides, bejond the mountains, irriga- 
tion IS often necessary to secure the grow^th of the crops 
Tlie same holds in mountainous Central Amenca the 
eastern slopes ha\ e hea\y rains, and are densely 
forested , the western slopes are much dner and 
healthier It is notonous how the to\vns and chief 
habitable areas are found on the western side of these 
mountains , tlie eastern lands, especially the lowlands, 
artswamp\ and malanal 

A map of the annual rainfall of North Amenca show^s 
distinct belts running on the whole north and south A 
naiTO belt of high rainfall on the west coast, tlie rainfall 
rapidh diminishing inwards, with a well-defined ram- 
slndow o\cr the second line of mountains , a wade belt 
on the eastern side, wnth the rainfall diminishing pro- 
grcs^nch towards the west, wrth again a well-defined 
rain-^lpdoA over the Rocky Mountains The western 
and cisic-n mn-'-lndows meet in the plateau region^ 
and as n be expected, there is a considerable desert 
in the pan of this region, extending througli 

part*^ of Nctaaa, Utah, Colorado, New Mexico, and 
\rron i 

lo up the rainfall, there are two belts vath o\cr 
mclus p^r iuniim, a north-wc'^lern coast belt, and i 
huicr in the ca=^t and south cast There arc 
three regions v ith than 10 inches a comparatnel} 
bi.iaU n a ii; Mld-^^e\ico, a larger area m the south-v cst 
CO 
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plateau region, of tlie United States as already mentioned, 
and the Tundra region of the north of the contment 



Fig 44 — Rainfali., North America 

Regions of heavy and of light rainfall Black, over 60 inches per 
annum, stippled, below 10 inches per annum (see Text) Note 
that the heavy rainfall occurs on the western side in high latitudes, 
and on the eastern side m low latitudes 

The contment also shows m a remarkably clear way 
the mfluence of position and structure on range of 
temperature The usual law holds that the seasonal 
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range increases with nse of latitude until the cold- 
temperate zone IS reached, and the range also in- 
creases, on the whole, progressive!}^ inland Thus we 
maj expect the greatest difference between summer and 
wnntcr in the middle of the continent and in about 
latitude so'^ to 55° The seasonal range is intensified 
to some extent by the direction of the mountains and 
the consequent distnbution of the rainfall, and we 
therefore find in the great plains of Canada approaclung 
the Rock} Mountains a difference of some 60° between 
the a\erage temperatures of the coldest and the warmest 
months The chmatic constants of Pnnee Albert on 
the North Saskatchewan nver may be taken as a type 

Lat Rainfall Jan Temp Jul} Temp Range 
?nnccAU>rri S3* N 13-151115 -3* 62* 65* 

As further illustrating the range of temperature in 
different parts of North Amenca, w^e may take three 
places in nearly the same latitude, on the west coast, 
m the middle, and on the eastern side We observe that 
the seasonal range of temperature is greater on the east 


tlian on the west, while, 

, of course, that of the middle is 

greater lhan either 

Lat 

Jan Temp 

Jul) Temp 

Range 

\S cst I ert Simplon 

Co^ , Rigolct, on Hamil 

S4* 

33* 

SS’ 


10 *' Trie 

S4’ 

7* 

so* 

43 ’ 

Middl'*, ndrronlon 

53* 

5* 

63 * 

58 * 


Tnc SI mmer climate of Fort Simpson is xcr\" similar 
to that of tlic wcit of the British Isles , but the coldest 
ir^^nth ine to sc\cn degrees colder than m 

lintam 

North \merica also funiLshcs abundant illustrations 
of the \arnLion of climite with altitude Referring 
almost cxcUl‘^l . ch to temperature, 'Mexico rna\ be 
quoted good example In that coumrv it has long 
1 lea cu^kOmar} to speak of three succc^si\e zones, first 
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the iierra cahente (the hot land), the tropical lowland 
zone, where the chmate is essentially hot and wet, 
espeaally on the eastern side This continues up to 
some 3000 feet Above it is the herra templada (the 
temperate land), where the conditions are those of 
Northern California This remarkably healthy zone 
extends from about 3000 feet to 7000 feet Above this 
IS the hevia fna (the cool zone), where the conditions are 
those of Bntish Columbia As Mexico extends for over 
1000 miles from north to south, it is obvious that the 
figures given above must be imderstood in a general sort 
of way , fifteen degrees of latitude is clearly sufficient to 
make a great difference in the height at which these 
successive temperature zones succeed each other 

Some Local and Secondary Featmes in 
Norilt America 

The chmate of North Amenca has been studied from 
the point of view of general planetary distnbution as 
modified in the first degree by the shape of the con- 
tinent, the direction and arrangements of its highlands, 
and its relation to the neighbounng oceans There are 
m all continents local developments of a secondary 
order, the full study of which could not be undertaken 
in a general book hke the present 

Three of the best known from North Amenca may, 
however, be fittingly selected as illustrating general 
principles These are whii Iwinds, tornadoes, and Chinook 
winds, quite local and secondary disturbances m the 
general circulation of wmds, but of considerable mterest 
and notoriety because of then: great importance to man 

Whirlwinds are developed m the hot, dry plateaux 
of the great western mountain system, and m the great 
plateau-plains west of the Mississippi As the name 
indicates, there is a whirl of air, which is, however, of 
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quite local character It may have a diameter of some 
50 to 100 feet, and the spiral, whirling column maj nse 
to 3000 feet Such ^^lurh^^nds occur on the hot plains 
and plateaux in the latter part of very hot summer days 
The air o\er the hot, parched plains becomes intensely 
heated, quite locally , inflouing currents are set up, 
and as they probably approach the region of heated air 
wnth dificrcnt \eloaties a spiral motion is set up, and 
the ascending air laden with dust particles, presents the 
appearance of a swaying, wlurling column which moves 
across the parched plain with a very considerable 
\clocity 

forradocs are much the same on a grander scale, 
and arc probably the same in ongin These are most 
numerous in the Mississippi valley, w^here they often 
sweep across the country at the rate of 30 miles an 
hour ^ They arc often so violent that a clean-cut path 
marls their track, in which trees and buildings are alike 
s s cpt aw a} The)^ usually occur in the afternoon or 
e\ cuing of varm, sultry days, when the air has been 
intcnsch heated o\er some lowland area The local 
indraught of air upsets the equihbnum over the hot 
plains, and a w hirlv ind on a great scale is set up These 
arc the most destructu e storms of the continent, and are 
ju^^tU the most dreaded 

C/ V 11 V ds — hese are w arm, drvung 'winds 'which 
sweep frojii the ^now-clad Rock} Mountains down into 
the 1 p^-’ins a.nd \alle\s to the east These vands 
Mov in wanter and in spring, and often cause rapid 
, ickipg of the wanter snov o\er a comparatnci} wade 
p-ca llic} thu^ make some parts of these nigli plains 

ai '^h’c for stock-raising much earlier tlian would 
oti e'*w‘’ 0 be the case Iheir origin is the same a<= 

Ml no\cnicat of the ^lo’c tom'^do , the 

\t h'o -\j»h a %clocit\ 1 p to 200 mics an Lojr 
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that of the famous John winds of the Alps An area 
of low pressure is set up on the eastern side of the 
Rocky Mountains owing to some local disturbance, and 
air IS drawn from over the mountains The air which 
passes over the mountain is first of all cooled by 
rarefaction due to lowenng of pressure Most of the 
moisture which is contained thus falls on the windward 
side of the mountains, chiefly, of course, as snow The 
dry, rarefied air passes over the mountain crests and 
descends towards the plains Compression, of course, 
occurs, and consequent nse of temperature , and the 
winds reach the plains or valleys as warm, drying 
winds, which hck up the snow almost as by magic 
The Chinook winds are developed best in the valleys on 
the eastward side of the Rocky Mountains because of 
the general direction of the winds in that region In 
the Alps the John winds occur in the valleys to the 
north of the main chains 

India. — India is the popular example of a region 
with monsoon chmatic conditions These conditions 
hold in Asia from Manchuna to Baluchistan, and India 
and Further India show the charactenstic features 
As in all other regions, world position and structure 
play their part in determining the pecuhar features of 
the chmate The great continent to the north, the 
ocean to the south , the shape and position of the 
pemnsular part of India , the position with respect to 
the equator (the Tropic of Cancer crosses contmental 
India, and thus peninsular India is entirely withm the 
tropics), these are the chief determmmg factors 

It IS not necessary to repeat the account of monsoon 
conditions and causes , it is more to the pomt to state 
how they affect India m particular The ‘ ‘ wmter ’ ' mon- 
soon wmds blow from north, north-east or north-west, 
and are generally light m character The earlier part. 
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from mid-December to the end of February, is the cool 
season m much of India , then the monsoon ^\eakens and 
the very hot \^eathcr comes and lasts until the end of 
May or mid- June May is the hottest month m most 
parts of the north of India, and average temperatures 
for that month are usually o\ cr go° F 
The south-west or wet monsoon blow^s from about the 
middle of June to the end of September or middle of 
October It is established on the break-up of the hot, 
dry weather, after a senes of attempts, during which 
there is unsettled weather with many intense storms 
During the season Ma} -September rain falls on most 
da\s, and the weather is hot and steamy In the penin- 
sula the monsoon meets the Western Ghats — the scarp 
edge of the plateau — almost at right angles, and there 
is consequently a hea\y rainfall The middle of the 
Deccan is in a partial ram-shadow’* where the fall is slight 
compared with the western edge A branch of the 
monsoon blow’s oterthc hot Bay of Bengal, and becomes 
thoroughh saturated with water vapour This air 
current meets the foot hills of Upper Assam, and as it 
iscends these the air is rarefied and cooled, and the con- 
densation of its abundant moisture produces the heaviest 
rainfall known The rainfall of Cherrapungee in the 
Khasia Hills reaches the enormous total of more than 400 
inches per annum, and onh about i per cent of this falls 
in the four months Xo\ ember to Februarj’' 

Hie might} Himalaya s) stem deflects the rain-bearing 
monsoon, and air is also drawn m by the low-pressure 
area to the west up the Ganges \ alley, and thus carriCb 
a moderate rainfall c\en so far as the North-West 
Pro\anccs and the Punjab The north east monsoon is, 
of course, a dr\ wand for most of India, but Cc3lon and 
the southern Coromandel coast rccci\ c some rainfall from 
the Wind winch has gathered moisture from its journey 
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over the Bay of Bengal, and from the retreating south- 
west monsoon Trmcomali on the east coast of Ceylon 
has a ramfall of over 6o mches per annum 

The peculiar case of Ceylon ma}^ be further illustrated 
There is considerable ram m every month except Feb- 
ruary The ramfall is more of the equatorial type with 
two maxima, m March-May and October-December 
respectively April and May are hot and wet (though 
not so hot as m the Ganges VaUey) , and to escape this 
hot, wet season there have been established on the hills 
sanatoria which are now famous, and of great importance 
to European residents both m Ce5don and Southern 
India Newara Elsya is at an elevation of over 6000 
feet, and has an average temperature of 58°, with a very 
low range Of course, Ceylon bemg almost on the 
equator, and bemg an island, cannot have a great seasonal 
range The foUoivmg statistics are significant 

Lat Rainfall Jan Temp July Temp 
Colombo 7° N 88 ins 79° 80° 

Tnncomab 8^° „ 63 „ 78° 83° 

To return to the general study of India, the seasonal 

range mcreases («) with distance from the equator, (&) 

with distance from the sea, hence there is the consider- 
able range, for low latitudes, m the Upper Ganges 
Plam of about 26°, m the Punjab of over 30° The 
seasonal range is also great on the plateau, and reaches 
about 25° The statistics of Agra m the Ganges valley 
and Multan m the Punjab are sufficiently important 
to be given 

Lat Rainfall Jan Temp July Temp 
Agra . . 27° 28 ins 60° 86° 

Multan . 30° 7 „ 57° 93° 

The Thar (t e Desert) m North-Western India is 
almost rainless The wmds m that region come for the 
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most part from the lands west and north ^^cst There 
IS a low-pressure area in the Punjab and air is drawn 
in to this according to the usual rule north of the equator, 
that IS counter cloclavise The desert is south of this 
low-pressure area, hence wands come from the w^est and 
north-west The lower Indus valle}^ is also nearl)^ 
rainless, and its cultivated areas depend upon the over- 
flow of the Indus or upon imgation The nver is fed 
bj the snows of the Himalaya and the winter snow’s 
of the Upper Punjab 

Karachi, west of the delta, and the great place of 
export for tlie w heat and barley of the lower Indus plain, 
has an average rainfall of 8 inches Its seasonal range 
of temperature, 65°-83°, is comparatively low because 
of proximity to the sea 

The «^outhern side of the mighty Himalaya exhibits 
\ciy well the consequences of the usual vanation of 
temperature with altitude The tropical malanal icrat, 
densest towards the east, occurs at the foot, and tropical 
\egetation continues upwards to about 4000 feet 
Deciduous vegetation (indicating a temperate chmate) 
follow’s, gradually passing into coniferous forest, and 
tins continues to 11,000-12,000 feet Alpine pastures 
succeed w'lth tundra vegetation highest of all, to about 
17,000 feet and, of course, above that is the zone of 
ICC and snow The magnificent intermont v'alle35, 
e‘=l>eciallv such as the great v^ale of Kashmir, show the 
n. c^n cciirte climatic conditions and the charactenstic 
icc 10 1 inus m ihc vallc3s of Sikkim at 7000-8000 
rnoclonendrons are a prominent feature 
— The Ci''^cntial features of the cliniatc 
MU '•in be bc«:t pa<^ped 1)3 noting (i) that Auslrah i 
' - c*i *:oiUh of the cqintor, between latitude- 
1 -^nd ”0'^ ^ , and tint the 1 ropic of Capricorn crosses 
\ in the midcIJc , (2) that the continent is of 
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compact structure, and has its greatest extension from 
west to east parallel to the equator , and (3) that it has 
the open ocean on all sides except the north 

Without elaborating the different regions very fully, 
the establishment of four climatic divisions will be 
readily understood (i) The tropical monsoon region 
of the north , (2) the region of south-east trade vnnds 4 
in the east and south-east , (3) the south-v/est and 
south, with ]\Iediterranean conditions , and (4) a very 
dry region m the western middle part. 

The monsoon region is in the north and north-east 
The rainfall mostly comes with the summer monsoon, 
but it IS not so heavy as in some regions owing to the 
absence of very high mountains to effect a very large 
condensation The fairly heavy rainfall does not extend 
very far into the intenor The seasonal range of 
temperature is low, increasing, of course, in the intenor 
The statistics of Cape York on York Peninsula and Port 
Darwin to the west of Arnhem Land may be used to 
illustrate this region Both have very wet summers from 
about the end of December to the end of March, and are 
very dry from June to September 

Lat Rainfall Jan Temp July Temp 
Cape York ii°S 831ns 81° 77° 

Port Darwin 12° ,, 64 ,, 82° 78° 

South Queensland and New South Wales are in the 
region of south-east trade ^vmds The mountams are 
\vider, but not very high There is, how'ever, a well- 
defined ram-shadow, especially towards the south where 
the mountams are somewhat higher The western 
slopes of the hills are therefore drier and the plams of 
the Darlmg- Murray system receive a rainfall dimmishmg 
m amount towards the west, until the desert wth 
less than lo mches is reached The temperature 
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ranges in the interior are, of course, considerable 
S}dnc\ and Bourke (on the Darling River) maj be 
taken as typical studies of the trade-vmds region 

Lat Rainfall Jan Temp Julj Temp Range 
Sj-dnc) 33° 471ns 71° 53° iS’ 

Rourtc 30° 15 ,, 84° 50° 34“ 

The south and south-^\est receive wnter rains from 
tlic westerly wands, wluch blow when the trade winds 
have swung to the north This region corresponds to 
the Mediterranean and to middle Cahfornia The 
summers are hot and dry The most favoured parts 
are the southward extension of the continent in West 
Australia and South Austraha and Victona The 
Great Austrahan Bight cames its coast lands too far 
north, where little rain falls Perth and Adelaide, 
the two capital towms, may be taken as examples 
Both have most of their rams in the winter months, 
iMaj to August The winters are cool and the summers 
decidcdlv hot 

Lat Ramfan Jan Temp July Temp Range 
Rerih 33" S 331ns 76* 55* 21* 

Adelaide 30*,, 20,, 74 * 5 ^* 23* 

1 he dr\ region occupies most of the western tableland 
nnd ‘^omc part‘d of the central lowlands The rones of 
innual rainfall curve round it somewhat eccentrically, 
with It** owm centre about on the tropic and in the 
longitude of the western third part of the continent 
fThc student wall, of course, study a rainfall map, to- 
gcthc’- wath an orographical map ) Tlie rainfall is low , 
tlie range of temperature, both seasonal and daily, is 
considerable The and region corresponds to the 
‘^aliara, though fewer oases sccni to exist than in the 
crcit \fncan prototv^pe \licc Springs on the overland 
telegraph route, and almost in the latitude of the tropic. 
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and Strangeway Spnngs south of Lake Eyre, may be 
taken as t3q)ical places 


Lat Rainfall Jan Temp July Temp Range 


Alice Spnngs 23® S 10 ins 

00 

0 

S2' 

35° 

(Altitude about 




2000 feet) 




Strangeway Spnngs 27®,, 6 ,, 

84” 

ss' 

29° 


The three large islands and island groups of Austral- 
asia may be very bnefly considered New Guinea is 
almost equatonal, and has very heavy tropical rams 
The mountain banner which runs east and west nses 
to 13,000 feet, and separates the island into two 
chmatic provinces The north has very heavy monsoon 
rams from December to March, that is, m the southern 
summer. The south receives mostly winter rams 
from the south-east trades, which bnng ram from the 
southern Pacific when the sun is north of the equator. 
The temperature is high and the seasonal range is low 
Data are stiU wanting for most parts, but the seasonal 
range at Port Moresby seems to be httle more than 
3° or 4°, that IS, from 8i°-82° m January to 77 °-y 8 ° 
m July 

New Zealand — North Island is obviously Mediter- 
ranean m latitude, and it has a chmate of that t5q}e 
somewhat modified Winter rams are heaviest, but the 
surrounding ocean modifies the usual summer drought 
of Mediterranean regions South Island ^nd the 
southern part of North Island are in the region of 
prevalent westerly winds These ivmds are more 
perfectly developed m the Southern Hemisphere than 
m the Northern, owing to less interference by great land 
masses The westerly side is therefore the rainy side, as 
m Bntam and France The western slopes of the New 
Zealand Alps have a very heavy ramf^, there bemg 
over 100 mches on most of the west coast. The ramfall 
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map sho^vs the ram-shado's\ of the mountains in a \\ay 
that reminds one of the rain-shadow of Scandinavia 
The plains to the east have onl}^ an average of about 
20 to 25 inches, and are therefore veil adapted for 
sheep-reanng, vhich has become the greatest industr}^ 
of South Island North Island has no dominant 
mountain range like that of South Island, and the 
rainfall is therefore more evenly distnbuted over the 
whole island Ovang to the insular position the vhole 
of Ncvn Zealand has a comparatively low seasonal 
range 



Lat 

Ramfall 

Jnn Temp 

Jul> Temp 

Range 

And hnd 

36° S 

441ns 

67 ^ 

53“ 

14" 

Wellington 

41 *^ i> 

SI 1. 

62® 

46“ 

16® 

Ch ns ci'i.rch 

43 ° n 

25 M 

62® 

43“ 

I 9 » 

lloVitil a 

42“ n 

IIS „ 

60® 

46" 

14“ 


Tasiuai la is also in the region of prevalent vesterhes 
and has ram at all seasons It is climatically the 
counterpart of north-western France The west is 
wetter than the east owing to the position of the moun- 
tains and the dner eastern slopes are suitable for 
shecp-rcanng The rainfall on the w est reaches 80 inches 
or mo^e , on the east coast it descends to 20-25 inches 
Hobart may be taken as an illustration, though its 
rainfall is low owing to its being in the ram shadow 

Lnt R'linfall Jan Temp Jul> Temp Range 
I lolxrrt 43* S 24 ins 62* 46* 16* 

South Afnca, — \\ e shall include here all Afnca 
rooglih ‘>outli of the Zambesi, which will make it corre 
hrondh to Australia Ihc diflcrenccs are xm- 
hoAc\cr VustriJia is an island, Soutli 
\frtca gradualK into equatorial \fnca 

mill his Its grciicst extension cist to west , South 
\fnca hi^ it'' f^reatesl extension north to «^oiith The 
rt. 01 as deiiaed iboic merges into the tropical tjpe.- 
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— tropical lowland towards the east, tropical savana 
in the middle, tropical desert in the west 

Owing to comparative uniformity of structure 
the different provinces are determined by relation to 
the planetary system and influence of neighbounng 
oceans more than by differences m build The three 
well-defined provinces are (i) The south-east trade- 
wind region, including Natal, the Orange Free State, 
the Transvaal, and Portuguese East Afnca (2) The 
extreme south and south-west, with a Mediterranean 
climate , and (3) the desert region of the middle and west 

The south-east trade winds meet the eastern moun- 
tain scarp of the Madagascar table-land, and the lower 
western parts of this large island have a pronounced 
ram-shadow Antananarivo has a rainfall of over 
50 inches per annum, Tamatave one of 90-100 inches 
Most of the ram falls in summer, as may be expected 
Natal nses in terraces until the great scarp of the 
Drakensberg is reached The rainfall is thus caught 
on the south-eastern side, and the high veld of the in- 
tenor is relatively bare and dry The eastern margin 
of the high veld is thus much more fertile than the 
western part, which merges into the deserts of the west 

Lat Rainfall Jan Temp July Temp Range 
Durban. . 38° S 80 ms 76° 64° 12° 

Pretoria 25° ,, 27 ,, 71° 52° 19” 

(4750 feet) 

The extreme south and south-west fall within the 
zone of summer trades and winter westerlies, hence 
there is a small region ivith ram at all seasons, from 
the south-east trades m the summer, and from the 
westerly wmds m wmter This is a modified Mediter- 
ranean type, with some ram in the summer mstead of 
dry trades as m the type region As no part of South 
Africa reaches 35° S latitude, it is only the extreme 
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south which receives the lilediterranean t3'pe of rains 
It corresponds wth Morocco rather than with the 
Ihenan peninsula 

The places selected for illustration are 

- Annual , r- 

Rninhll J'Jb Temp Rnngc 

Oipe Agulhas 33*S 16 m«! 67* 54* 13* 

East London 33®,, 24 „ 70* 57* 13* 

The desert region includes northern Cape Colony, 
Bechuanaland, and Damaraland, the latter two being 
on the borders of the Kalahari desert Rain seldom 
falls except on the higher parts The seasonal ranges 
of temperature are considerable, and the daily range 
IS often very great On the dry plateaux the cold of 
the nights is frequently intense This is mainly a 
stoch-reann^ region as there is not enough rain for 
agnculture, and there are few nvers from which water 
for imgation can be denved Angra Pequena on the 
coast and Windhoek (altitude 5400 feet) on the plateau 
are selected as the tj^pes 

Lat Rainfall Jan Temp Julj Temp Range. 
Angra Pequena ^ 26" S (Scarcely any) 67° 57' 10° 

Windhoek 22° it IS ms. 74' 56° 18* 

(5400 feet) 

cold current nhich sets along the coast from the south 
reduces the temperature of Angra Pequena very considerably 

GRAPHICAL REPRESENTATION OF RAIN PALL 
AND TEMPERATURE 

To help the reader to visualise the two features of 
climate (ramfaU and temperature) of a number of 
typical toivns m various parts of the world, a senes of 
graphs, followed by a few suggestive studies, is given 
on the following eight pages, 320-327 
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CLIMATIC STUDIES BASED ON THE 
PRECEDING DIAGRAMS 

(Note that in the case of places in the Southern Hemi- 
sphere the year is made to begin ^Mth July so that the 
diagrams shall be the more readily compared ) 

(а) Compare the diagram for Liverpool with those for 
Victoria B C , and Hobart, Tasmania, noting similarities 
and differences 

(б) How do the climates of Halifax N S Wmnipeg and 
Victoria B C differ from each otlier ? Compare with the 
climates of Liverpool Berlm, and Moscow 

(c) Compare the ranges of temperature of Halifax N S 
Akita, and Pekmg with those of Hobart, San Francisco and 
Liverpool and note that the terms continental and insular 
are not suitable for denotmg great extremes and small 
extremes respectively 

(d?) In what respects are the climates of Gibraltar San 
Francisco, Valparaiso, Cape Toivn and Perth (Australia) 
similar, and why > Note the July temperature of San 
Francisco is somewhat abnormal and attempt an explana- 
tion 

(e) Compare the climates of Buenos Aires, Durban, and 
Sydney, NSW How does the climate of Peking differ 
from them ? Compare Pekmg vnih Akita, and explam the 
differences noted 

(/) In what respects are the climates of Smgapore 
Colombo Lagos, Georgetown and Manaos similar, and how 
do they differ ^ 

(g) Note that Berbera, which is over 10° from the equator 
has a far hotter July than any of the five places which are 
less than 7° from the equator, and attempt an explanation 

The above are given as examples of mteresting studies , 
the reader will have little difficulty m suggestmg many 
others It is through such studies that the meanmg and 
use of climatic diagrams and also the prmciples of Climatic 
Geography may be more completely understood 
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GEOGRAPHY OF PLANTS AND 
ANIMALS BIOLOGICAL GEOGRAPHY 

CHAPTER XVI 

GENERAL PLANT GEOGRAPHY 

The growth of plants is controlled by physical circum- 
stances, chief among which are heat, light, water in the 
air and soil, and the nature of the soil and subsoil Thus 
the climatic factors which mainly determine the character 
and luxunance of vegetation are the temperature, the 
amount of sunlight, and the rainfall It may be said that 
in tropical regions climate overrules soil and subsoil, but 
in temperate climates the nature of the soil is of great 
importance It is easy to see, from well-known con- 
crete examples, that the nature of the soil is a very 
important factor in cooler regions , thus central Ireland 
has a chmate that is not very different from that of 
the Lancashire and Cheshire plain, yet its vegetation is 
different The Betuwe and Veluwe of Holland, the 
" Good Island ” and the “ Bad Island,” are in the same 
chmatic province , the fertility of the one is remark- 
able, the relative barrenness of the other is stnking 
The Landes of the south-west of France are in the same 
latitude and have a climate not very different from 
that of the valley of the Rhine , the sandy subsoil of the 

3’ 9 
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one, and the fertile mixed alluvium of the other make a 
great difference in the productivity On the whole, 
climate, in the wide sense, must be considered the 
pnmary factor in the control of vegetation, and we 
shall therefore study plant associations as determined 
by climate 

The study of plant associations is the special science of 
Plant Ecology, which is obviously a compound of Botany 
and Geography It is beyond the limits of this book to 
attempt anything like an extensive study of that branch 
of science , we shall confine ourselves to plants and 
plant associations which are important to man, and 
thus bring this part of the subject into line with the 
general scope of the work Broadly speaking, trees 
may be taken as representative of plant life in general, 
and this point of view will be emphasised in this and 
the next chapter The boundanes and hmitations of 
forests are found to agree broadly with the boundanes 
of climatic provinces, and we shall therefore sub- 
divide the study of plant life according to those difierent 
climatic provinces 


HOT LANDS 

Broadly speaking, these are the lands between the 
tropics of Cancer and Capncom, a belt of the earth’s 
surface 47° in width Their limits are approximately 
the two desert belts which he on either side of the 
Equator The equatonal lowlands may be taken as 
the startmg-pomt, and from there we may pass on 
the one hand to those tropical latitudes where the rain- 
fall IS seasonal or not so heavy, and on the other to those 
plateaux and mountains where the same changes occur 
owing to change of altitude There are four fairly dis- 
tinct t5q)es in these hot lands 

(i) The Equatonal Lowlands, or Amazon-Congo Type 




Plate XVIII — Equatorial Forest Congo Basin showing Rich 
Undergrowth and Parasitic Creepers 







Plate XIX — Sandwich Islands An Hawaiian Sugar 
Plantation 
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(2) The Summer Rains or Monsoon type , southern 
India Type 

{3) The Tropical Highlands, or Uganda Type 
(4) The Tropical Desert, or Sahara-Kalahan Tj^^e 
Eqnatonal Lowlands — Amazon-Congo Typo — The 
climatic charactenstics are ram throughout the year 
and a uniform high temperatuie There may be t^^o 
relatively wet and two relatively dry seasons, near the 
equator itself, the two wetter seasons occurring soon 
after the equinoxes , and as we get farther away from 
the equator there are wet and dry seasons, the latter 
increasing in length the farther we go from the equator 
The atmosphere is hot and steamy, and plant growth 
IS rapid and exuberant These lowlands are covered 
with dense pnmeval forests, m winch an immense 
number of trees struggle for eitistence Prof I C 
Russell IS responsible for the statement that there are 
probably more species of trees in 100 sq yards in an 
eqnatonal lowland forest than m 100 sq miles m a forest 
of central Canada 

The forest is so dense that only a diffused greenish 
light, a sort of twlight, reigns in the low^er glades, while 
the successful competitors above are bathed in the in- 
tense tropical sunhght from a sun that is never far from 
overhead at midday m any season The undergro\vth is 
very dense, and mosses, lichens, and fungi grow on the 
damp mould below, while creepers and parasitic plants 
climb up to the light above, and hang their aenal roots 
or hanas in the spaces below Numerous species of 
vines, palms, and tree ferns mingle with an immense 
number of species of woody trees, whose great roots 
spread over the nch moist soil, while many of the trees 
develop root-like buttresses eight or ten feet from the 
ground 

The stuffy, gloomy vault, hot and moist, like the 
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atmosphere of a palm-house, is generally thinly peopled 
It has to be cleared before man can grow his food plants 
m secunty , and it is one continual fight between man 
and nature, for the forest rapidly reconquers any clear- 
ing, and constant vigilance and eSort are the pnce he 
must pay to hold his own In the more favoured 
localities gardens of wonderful luxunance have been 
won, and the natural products of the forest are cul- 
tivated 

The temperature throughout the year is so uniform 
that there is no one time for leafing and flowering of 
the trees and other plants They have adapted them- 
selves to some very slight change in the atmosphenc 
conditions, and so there are always some plants burst- 
ing into leaf and putting forth flowers or producing seeds. 

The vegetable products of the equatorial lowland 
forest are numerous and valuable Among the most 
important is the widely-spread coco-nut palm, whose 
fibres, leaves, and fruits are all useful to man , mahogany, 
ebony, greenheart, and lignum- vitge among timber trees, 
and logwood and brazil-wood among dye-woods The 
plantam, the banana, and the yam , the sugar cane, the 
cacao tree, the sago pahn, and the manioc are among 
other useful plants common m these forests Caout- 
chouc, rubber, balata, and gutta-percha, many spices 
and condiments such as vaniUa, cloves, nutmeg, and 
ginger, are other important products from the equatonal 
forests In addition to all these, rice may be mentioned, 
though its home is rather m the monsoon lands 

This forest t5q)e has its greatest development m the 
basm of the Amazon, the lower Gumea lands, and the 
basin of the Congo Iquitos, m the Amazon valley 
IS 2° colder m July than in January, the average tem- 
peratures bemg 77° and 79°, with a rainfall of over 
too mches Para, at the mouth of the great nver. 
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has a temperature m Januan, of 7S® and Xo\ ember, So°, 
and a rainfall of about SS mchc5 \knssa, at the 
mouth of the Xigcr, has January 78° and Juh 76°, 
with a rainfall of inches Librctillc, in I rcnch 
Equatorial Africa, January 7S®, Juh 73°, and rainfall 
about 100 inches , thc^e inaj be lal cn as tjpc'^ of the 
chnntcs of thc^c equatorial lowland'^ 

Summer Earn and Llonsoon Typo— South India T>pc — 
Passing from the equatorial lowlands with puciinial 
rams we come to regions where there arc distinct dry 
and wet 'reasons the rams come in the hot season 
The chmatic characteristics of importance to plant 
growah arc the occurrence of a well-marked period of 
drought, a less total rainfall, a greater seasonal range 
of temperature, and the occurrence of strong dr\ 
wands m the ** winter or dry season 

Forests are densest, other tilings being equal, where 
the temperature is most uniform and the atmosphere is 
alwajs moist Hence in lands with monsoon and 
summer rams the forests arc diflercnt in tj’pe from those 
of the hot, wet cquatonal lowlands, the trees over a 
wade area arc more often of the same species , the forest 
IS much more open , there is a penodicity of grow th 
and many trees shed their leaves during the dry season 

The chief regions where this type holds are India, 
Burma and Siam, Northern Australia, Central Amcnca, 
and the Guiana lowlands The teak forests of Java, the 
Malay Peninsula and Burma show the alternation of the 
dry season and the summer rains very well in the falling 
of the leaves Teak is well known as one of the most 
useful hard timbers 

The forests in this zone are not so nch in useful pro- 
ducts as the wet equatonal lowlands, but the ground 
IS more easily cleared and the conditions are healthier 
Hence these regions have always been more thickly 
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peopled, and highly developed and prosperous agn- 
cultural races are found there Some of the products 
are the same as from the hot rainy forests, such 
as mahogany, logwood, the oil palm, nee, sugar, and 
the banana Coffee, tea, indigo, ]ute, maize, wheat, 
barley, and cotton can all be grown in these lands 
Maize may be regarded as the typical cereal crop , 
wheat and barley are grown as winter or dry season 
crops, often by the aid of irrigation, as in the lower valley 
of the Indus 

The Tropical Highland Type — The Uganda or 
Ecuador Type — From general pnnciples it wall be 
readily understood that the two types already discussed 
will be modified at a considerable altitude, and a new 
type will result, especially on the higher tropical plateaux 
The equatorial lowland type holds up to roughly 3000 
to 4000 feet , above that gradually a modified type 
is established The three or four ascendmg zones of 
climate already mentioned determme corresponding 
vegetations The climatic essentials are comparatively 
low seasonal range owmg to low latitude, but a consider- 
able general lowering of temperature owing to altitude 
The general chmate is that of cool temperate or warm 
temperate lands according to elevation Quito has 
already been quoted as having “ perpetual spnng ” 
it IS 8000 feet above sea level There may be, and usually 
IS, a considerable difference between night and day, 
and the night is sometimes very cold The tempera- 
tures of two places in Afnca and Amenca are given 
to illustrate the ” perpetual spnng ” character of the 
climate 

Fort Smith, on the Uganda Railways, on the Kiku3ni 
Plateau, Uganda — Latitude, 1° S Height, 5200 feet 
January temperature, 63° , July temperature, 58° 

Bogota, on the Columbian Plateau, S Amenca — 
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Latitude, 4° N Height, 8700 feet January tem- 
perature, 58°, July temperature, 57° 

Maize, wheat, and barley are the cereals of these 
plateaux , and Mediterranean fruits, such as pineapples, 
oranges, apncots, are groivn The mulberry, for silk 
fiounshes in many parts The grass lands, where the 
rainfall is sulBcient, feed large herds of cattle, llamas 
and sheep 

These typical plateaux may be too dr}' m places, li 
they he bet^\een great mountain ranges, and are thus 
in a double ram shadow , in such circumstances irn- 
gation IS necessary for the reanng of the cereal crops 
and fruits mentioned ^ 

Tropical Desert Typo, or Sahara Type — In the study 
of climates and the establishment of climatic provinces 
it was pointed out that near the latitudes of the tropics 
on the vestem side of the continents deserts are found, 
and the circumstances determining them %% ere discussed 
It will be remembered that these deserts are found in 
the track of the trade winds The study of a rainfall 
map of Afnca or Australia shows how the regions of 
summer rams gradually pass into these western desert 
regions as we go farther from the equator The plant 
life varies accordingly, and there is usually a gradual 
passage from summer-ram forests through dner grass 
lands with scattered trees to semi desert, and finally 
thorough desert The climatic charactenstics are, of 
course, absence or ranty of ram, and a great range of 
temperature both between day and night and between 
summer and \vinter It will be remembered that the 
high temperature belts are found m these desert regions 
(see again Temperature Maps of the continents) A 
great deal of the surface of these deserts is covered with 
sand dunes, with, ot course, very httle vegetation , 
but wherever subterranean water is available, or where 
^ See Miss Carrier's The Tim sty Eafth 
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there are rare and uncertain rains, are plants which are 
adapted to the very trying conditions The seeds are 
hard and dry, and will live for years in the dormant 
condition Some of the plants themselves are hard, 
dry, and leathery , and the leaves are often coated over 
with wax, or resin, or gum These plants are adapted 
to the excessively dry climate , many are apparently 
dead, but spnng into rapid, vivid hfe when an occa- 
sional shower of rain comes to revivify them The 
leaves are necessanly small, so that there is little loss 
of moisture by transpiration, and the roots go down to 
astonishing depths in search of ground water Some 
plants survive by means of bulbs or tubers, which are 
buned m the ground, of course, and in which water ib 
stored In some parts of the desert, especially in de- 
pressions between the long barren ndges, a well may 
give a permanent supply of water and a fertile oasts 
may result Or a nver may come from distant snow- 
clad or rainy mountains and may bnng life to a narrow 
belt of country which would otherwise be hopeless 
desert The Euphrates, the Indus, and especially the 
Nile, thus cause long fertile belts m the deserts, and 
show the natural fertility of the soil when supphed with 
water under the hot sunshine In these oases and in 
these hot alluvial valleys palms grow to perfection, and 
under their shelter cereals such as maize, wheat, and 
barley, peas, beans, and lentils, and tropical and sub- 
tropical fruits, are grown The date, fig, orange, lemon, 
pomegranate, melon, and olive are some of the better- 
known fruits produced under these conditions 

Deserts of this type occur in Mexico and the south- 
western States of U S A , in South Amenca (where the 
desert of Peru resembles that of Mexico and Lower 
California), in north Africa and Arabia, in south Afnca, 
m north-western India, and in Australia It vnll be 
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noticed that the deserts extend beyond the tropics m 
both hemispheres, and gradually give way to more 
fertile conditions in latitudes 25°-35° 

Intermediate Tropical Types, — It is to be expected 
that the transition between the types described above 
will not as a rule be abrupt , intermediate modifica- 
tions connect, for example, the summer ram type and 
the semi-desert tj^e The dry season gradually lasts 
longer, and the annual rainfall comes m a much shorter 
time and is far less in amount There are two modifica- 
tions which deserve especial mention , the savana typ^ 
and the tropical thomwood t3^e The latter is the 
dner and merges into semi-desert, having seven or 
eight months of drj^ weather and a wide range of 
temperature The former is hotter and has more rain, 
but the conditions do not produce forest growth 
The Savana is typically developed in South Amenca, 
north and south of the great forest nelt of the Amazon 
It is also found m Afnca, both north and south of the 
equatonal belt, bordenng the Sahara and the Kalahan 
A modified sa\ana divides the rainy belt of north and 
east Australia from the very dry interior 
In Afnca, east of the Congo basin, a belt of plateaux 
stretches from the northern to the southern tropic 
The equatonal forest is only developed m the river 
valleys , the plateau land is too high for the dense 
forest growth normally found in those latitudes The 
vegetation is therefore of the savana type, and the 
southern Sudan may be taken as an example The 
grass grows in clumps or tufts, reaching from 6 to 15 feet 
high, and between the tufts are patches of bare, dry soil 
It IS thus a grass land in the mam , but here and there 
are patches of trees, increasing under favourable circum- 
stances, such as m the valleys, to the dignity of forests 
The savana may thus be descnbed as tropical park land 
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The savana is suitable for cattle-reanng , the plains 
of the La Plata basin are among the most famous 
cattle regions in the world Cotton, sugar, coffee, and 
tropical fruits such as the banana and pineapple are the 
t3^ical crops Cotton is being grown on idle irrigated 
and naturally-watered parts of the Sudan in increasing 
quantities Rice succeeds well in the lower part, where 
there is obviously an approach to the wetter conditions 
Maize, wheat, and barley are grown, often by the aid of 
irngation 

The Tropical Thornwood type of Brazil and some 
parts of east Africa is mostly barren and useless, and 
can only be made available for man by bonng for water 
and subsequent irngation Maize, sugar-cane, and 
cotton are now grown in reclaimed parts 

Warm Temperate Lands 

These he, broadly speaking, between the tropical 
deserts and about 45° latitude, but of course there is 
no hard-and-fast Ime As before, four main types may 
be distinguished 

(1) The Western Warm Temperate, or Medi- 

terranean Type 

(2) The Eastern Warm Temperate, or China Type 

(3) Warm Temperate Plateaux 

(4) Warm Temperate Continental Lowlands 

Western Warm Temperate Type — Mediterranean 

Type — ^The climate of the Mediterranean region was dis- 
cussed m the preceding chapter , it is the climate which 
largely determmes the character of the vegetation The 
dry warm summers and the mild ramy wmters are the 
dominant features of the climate, and the plant-life 
IS adapted to these conditions The wmters are mild 
enough for plants to contmue m bloom where growth 
would be suspended m wmter farther from the equator. 
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The vegetation is at its best in spnng, when very rapid 
growth takes place in many plants whose activities 
are to be suspended in the hot, dry summer After 
this comes the summer, which is the penod of com- 
parative desolation , the grasses turn brown, the plants 
with bulbous roots die down, and the seeds of annuals 
he dormant until the autumn 

The forest trees vary with the rainfall , where it is 
wetter, walnuts and chestnuts are common , but in 
the more typical Mediterranean lands, where it is dner, 
evergreen oaks and similar trees occur in scattered and 
open glades 

To survive the trying summer drought the trees 
have hard polished leaves, or small spiny ones In 
most cases they are evergreens, with small leaves either 
so specially protected that they will not lose much 
moisture in the summer, or evergreen so that they may 
take m carbon dioxide dunng the winter Many of 
the plants have hairs or spines on their leaves, no 
doubt as a protection against grazing animals, especially 
the goat Lavender, rosemary, laurels, and brooms are 
typically Mediterranean shrubs, all specially adapted 
to live through the trying dry season ^ 

The holm oak of the Mediterranean is an evergreen 
for the reason mentioned above , there are other devices 
to prevent excessive loss of moisture due to perspira- 
tion , the wood of one kind of evergreen oak is pro- 
tected by the thick bark with very close pores which is 
so well known and widely used under the name of cork 

Evergreen conifers with needle-like or scaly leaves 
are among the important trees of Mediterranean regions 
The famous cedars of Lebanon are of course within the 
eastern Mediterranean province The forests of cedar 
and fir m California are also well known The Cali 
^ See note at end of this chapter 
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fornian " redwood ” pine is a characteristic tree The 
giant firs of Washington and California are other ex- 
amples , these celebrated big trees belong to species of 
the genus Sequoia, different from the Californian red- 
wood fir. The giant eucalyptus trees of Australia occur 
m similar latitudes, though not under Mediterranean 
climatic conditions only 

The grasses of the Mediterranean climatic regions are 
not the rich succulent grasses of the wetter cold temperate 
regions , hence cattle are not reared in anything like 
the same number Some of the grasses are much 
sought after for paper-making and for plaitmg mto 
baskets and bags , the best known are the esparto 
grass of Spain and the alfa grass of North Africa 

The cereals do well in the Mediterranean regions, 
especially where sufficient water is supplied by imga- 
tion, maize, wheat, and barley being grown in large 
quantities These regions are perhaps most famous, 
however, for their fruits, which include fig, orange, 
lemon, apricot, and peach The vine is everywhere 
cultivated and its products as grapes, raisins, or wine 
are among the most important sources of wealth The 
olive tree is the most characteristic tree of this climate , 
its deep roots, its small, evergreen leaves, and its gnarled 
trunk, branching low down, are all adaptations to the 
hot summer and the mild rainy winter Olive oil is 
therefore a charactenstic product also, and plays the 
part taken by butter in cold temperate regions, in addi- 
tion to many other uses The mulberry is also common, 
and silk is therefore one of the important products 

All the regions which have the charactenstic Medi- 
terranean climate now produce many of these plants , 
and there has been a remarkable interchange of useful 
plants The Mediterranean itself, California, Middle 
Chile, South Africa, and South and West Australia all 
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contribute a quota of these characteristic plants to the 
wants of man For example, a Victorian fruit farmer 
whose fields are fertilised by irrigation from the 'Mnrrscy 
may produce r^Iediterranean oranges and lemons, 
Californian apncots, and raisins dned from the grapes 
of vines introduced from Europe The pnckly pear of 
California is now veiw^ common in southern Europe 
The sumach shrub of Sicilj — so important m dyeing 
and tannmg — ^lias been successfully introduced into 
South Africa , and many similar examples from the 
plant world might be given The mohair goat of \sn 
Minor tlinves m Cape Colony, and its wool or hair is 
now an article of export from that colonj 

Eastern Warm Temperate Type — China Typo — 
The lands of this climatic type receive summer rams, 
and the winters may be dry and cold , thus the climate 
is often somewhat extreme, though, as was pointed 
out in the preceding chapter, there is great variation in 
tins respect The forests contam many plants of great 
value The yellow pines from the South Atlantic and 
Gulf States, the Georgian white pine, the Virginia 
c}jpress, the cedars of Formosa, the walnuts, chestnuts, 
sycamores, and oaks are some of the valuable trees 
There is a certain amount of overlapping between the 
Mediterranean and China type, but the forests of the 
latter are ncher 

Among slirubs and smaller trees of economic im- 
portance are kaun gum, camphor, cinchona, yerba matd 
(Paraguay tea), tea, and the mulberry Cereals include 
maize, wheat, and millet , sugar-cane, nee, indigo, 
tobacco, and the opium poppy are other plants w^hich 
are produced in these lands The bulk of the cotton 
of the world is grown in the south-eastern United 
States, which are typical eastern warm temperate lands 
Ramie fibre, the fibre of a nettle, is a product of these 
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waxm-temperate lands It seems likely to become a 
more important textile fibre m the near future 
Warm Temperate Plateau Type — ^As we pass from the 
eastern Mediterranean across the plateau of Asia Mmor 
to Persia we pass from the typical Mediterranean to the 
plateau modification The ramfall is usually much 
less and the climate is more extreme Forests only 
occur in the occasional valleys, and even there vegeta- 
tion IS not very luxunant Irngation from mountain 
streams is relied on to give fertility, and cereals, cotton, 
tobacco, and such fruits as the peach, fig, apncot, and 
almond are grown Maize has been grown very suc- 
cessfully on the plateau of Utah by careful use of surface 
moisture, and the expenence gained there is being 
applied in South Amenca, Afnca, and Australia 
This type includes the Iran Plateau, Asia Minor, 
parts of Arabia, the southern Kalahan Plateau of South 
Africa, the High Veld, the Great Basin of North America, 
the higher Mexican plateau north of the tropic, the 
higher lands of Argentina, and the plateau of Central 
and West Australia Much of it is obviously desert 
and very shghtly productive 
Warm Temperate Lowland Type — The Pampa Type — 
This has essentially a low ramfall, with an extreme 
climate It passes m most of the contments grad- 
ually mto the cool temperate lowland type Taking 
the warm temperate and cool temperate lowlands 
together for convenience, and remembenng that the 
summers of the former are often very hot, we may note 
that these are the dry grass lands of the temperate 
zone There is usually a severe and dry winter with a 
mild and moist spnng The vegetation is uniform 
over great distances, and forests are rare The tougher, 
dner grasses can stand the dry, warm summer, and are 
different from the grasses of such regions as Bntain. 
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The soils are not necessarily poor, but the rainfall is 
too scanty for timber growth , with the help of imga 
tion, maize, wheat, barley, and sugar beet can be 
grown, maize only m the warmer parts however Stock- 
raismg is a great source of wealth on the drier parts 
The praines of North America, the Pampas of South 
Amenca, the Steppes of Russia, the Veld of Afnca, and 
the Great Karoo are the t3^ical temperate grass lands 
The High Veld is a high plain, and passes into the warm 
temperate plateau type 

The Cool Temperate Lands 

It IS again possible to distinguish four types of plant 
associations broadly, but it will be noticed that the 
differences between warm temperate and cool temperate 
marginal lands is more pronounced than that between 
the continental lands of these types The four divisions 
are 

(1) The Western Cool Temperate Type — Bntish 

Type 

(2) Eastern Cool Temperate Type — Laurentian 

Type 

(3) Cool Temperate Plateau Type 

(4) Cool Temperate Lowland Type 

The cool temperate lands form a belt across the 
northern continents, but in the southern hemisphere 
only the extreme south of South Amenca, Tasmania, 
and South Island, New Zealand, fall within this group 
There are no Afncan cool temperate lands except 
those due to elevation The charactenstics of all 
these lands are cool summers, and cool to cold winter^ 
There is a great contrast m seasonal range between 
the margmal lands and the lands distant from the sea 
and the greatest ranges of temperature known occur 
m the lowlands of cool temperate type 
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Western Cool Temperate Type — Bntish T3^e — This 
IS characterised by mild winters and cool summers, 
and prevalence of westerly winds The range of 
temperature is low, not more than 25° to 30°, and rain 
falls at all seasons (page 292) There are no deserts 
possible under such conditions We need to consider 
only the forests and grass lands There are two 
types of forests, the deciduous and the coniferous The 
former occurs in the warmer, milder parts where the 
winters are not so cold The trees resist the winter by 
shedding their leaves The commoner trees are the oak, 
beech, ash, sycamore, horse-chestnut, elm, and lime, and 
the smaller shrubby trees such as the willows, aspens, 
alders, and rowans, which flounsh under less favourable 
circumstances than the larger deciduous forest trees 
Where the winters are colder the deciduous forest 
gives place to the taiga or coniferous forest This 
occurs on the higher lands and towards the intenor 
The coniferous forest occurs on all the highlands of 
central and western Europe, and stretches across 
Eurasia as a belt, narrowing in the middle of the Con- 
tinent between the tundra and the steppe of the 
continental intenor It also covers vast areas in North 
Amenca It is essentially a sub-arctic forest adapted 
to a cold and moist climate The wealth of timber 
obtained from both deciduous and coniferous forests 
of the western cool temperate region is very great, 
and a vast lumbering industry depends upon it in 
Scandinavia, Western Russia, and Bntish Columbia 
From the coniferous forest, in addition to timber in 
vanous forms, wood-pulp for paper manufacture, acetic 
acid, wood-alcohol (impure methyl alcohol), and wood 
tar are obtained in enormous quantities 
Eastern Cool Temperate Type — Laurentian Type — 
As was explained in the preceding chapter, this is 
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charactensed by cooler mnters and bj a greater range 
of temperature The coniferous forest comes down 
to lower latitudes and the deciduous forest trespasses 
on the warmer eastern type Thus the limit of coni- 
ferous forests at the sea-level is lat 45® m eastern North 
Amenca, but is lat 60° in Scandinavia The iatga of 
the St La\vrence basin has nounshed a vast lumbenng 
industry for a long time now , the corresponding iaiga 
of the Amur has not been so much worked , it still 
contains untold timber wealth 

Cool Temperate Plateau Type — ^Altai Type — ^This 
is represented by the higher lands, such as Scandi- 
navia below the snow-line, the higher parts of the 
Vanscan European mountains, the Altai in Asia, and 
the Rocky mountains and Cascade mountains m North 
Amenca, always, of course, well below the snow-hne 
From above downwards the high mountains have snow- 
clad summits and upper reaches above the snow-Ime, 
below this vegetation of the tundra type, then grass 
lands followed by the latga We may take the moun- 
tain iaiga and the mountain grass lands as the natural 
vegetation of the cool temperate type 

Cool Temperate Contiuental Lowland Type — The 
Sibenan-Saskatchewan Type (see remarks on Warm 
Temperate Lowlands) — ^This also contains a belt of 
iaiga, merging into praine or steppe m the middle of the 
continent or southwards Where the rainfall is suffi- 
cient or the evaporation is checked by the low mean 
annual temperature, the iaiga is developed , in the 
dner regions, and consequently where the seasonal 
extremes of temperature are greater, the forest gives 
place to grass lands, as in European Russia, Sibena, 
and Canada Such lands do not occur in the southern 
hemisphere 

The cultivated vegetation of all these cool temperate 
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lands may be taken together Wheat may be culti- 
vated almost throughout, except {a) in the colder 
northern parts, (b) in the wetter extreme western 
parts, and (c) in the dnest parts of the continental 
intenors Barley and rye are also extensively grown, 
the latter being the main crop m the less fertile regions. 
Maize IS not grown, as it requires a warmer summer. 
Potatoes for food, for starch, and thus indirectly for 
alcohol, are an important crop, and the beetroot now 
supplies enormous quantities of sugar The tree-fruits, 
apples, pears, and vanous kinds of plums, are grown 
m very large quantities, as are the bemes, such as 
gooseberry, red and black currants Raspberries and 
strawbernes may be grown almost throughout The 
dner parts are given over to stock-reanng, being too 
dry for cereals, or beetroot or potatoes 

Arctic Lands 

There are two different structural types, arctic low- 
lands and arctic highlands The latter may at once be 
dismissed, as the vegetation is negligible Arctic low- 
lands are known as tundra, and are found m Northern 
Eurasia and the extreme north of Amenca There is a 
long severe winter and a short summer, m which day- 
light IS almost continuous, but the intensity of the 
sunlight IS of low value, as it falls upon the land at a 
low angle The plains are buned m snow for much over 
half the year , thus with the coming summer the surface 
only IS thawed and shallow-rooted plants begin to 
grow The ground is permanently frozen at a depth of 
a few feet The only vegetation consists of mosses 
and lichens, with here and there dwarf bushes of crow- 
berry, willow, birch, and bilberry. In favoured places, 
in the short summer, brilliantly coloured flowers burst 
into life m July, these include geraniums, willow herbs. 
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and saxifrage Trees are almost unknown, and there 
are no vegetable products of economic importance 
Observers in the temperate 2one may readily study the 
tundra charactenstics on the mountain slopes above 
the limits of coniferous forest This “ alpine tundra ” 
IS well developed m the Alps and Pyrenees, and there 
are small patches of it in the higher, \vilder moors of 
Britam, and in Canada and m the United States there is 
a well-defined zone on the western mountains, below' the 
limits of perpetual snow 


BIBLIOGRAPHY 




(1) A^i Introdxtciion io Plant Geography M E Hardy 
Oxford University Press 4s 

(2) The Geography of Plants M E Hapdy Oviord 
Unu ersity Press 7s 6d 

(3) Plant (Ecology E Warming (Groome and Balfour) 
Oxford University Press 15s 

4) Age and Area A Study tn Geogxaphical Evolution 
J C Willis Cambridge University Press 

I2S 6d 

V (5) The Fcrtthiy of the Soil Sir E J Russell Cam- 
bridge University Press 4s 




Note on Garigue Vegetation 

An impoverished type of Mediterranean vegetation is 
the gartgue (pr gareeg, hard g) which is typically developed 
on the limestone lands of Southern France Drought- 
resistmg small trees and shrubs are mmgled with strong- 
smelling herbs and bulbous plants whose tubers and roots 
find shelter from the hot summer sun m the eroded cracks 
and joints of the massive limestone 
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PLANTS AND PLANT-PRODUCTS OF 
ECONOMIC IMPORTANCE 

In this chapter the geography of the more important 
plants will be discussed, together with those immediate 
products derived from them which are of considerable 
economic importance This mtU again involve repeti- 
tion, but there is some advantage in emphasising the 
plants themselves rather than the plant associations as 
was done m the preceding chapter 

FOOD PLANTS 

There are obviously several divisions or classes of 
food plants, the most important being undoubtedly 
the cereals, and these will be discussed first 

THE CEREALS 

These are cultivated grasses, the seeds of which are 
either eaten whole, or which yield flour or meal or other 
food-products They have undoubtedly been developed 
in their present form by man from “ wild ” grasses, most 
of the fundamental development having taken place 
before the dawn of wntten history Seeds of the more 
important cereals have been found in some Neohthic 
dwellings, and we also know that at the very dawn 
of Egjrptian history (possibly the oldest history we 
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know) the art of grooving and using the cereals was well 
known Those of greatest importance are wheat, barley, 
oats, rye, maize, millet, and nee, and they wiU be 
discussed in the order named 
Wheat IS the most important food gram, for from it 
IS obtained the best flour, that is the flour which yields 
the most nutritive bread, as well as other valuable 
food'products It is essentially a temperate climate 
grain, and its cultivation was first developed in all 
probability m warm temperate regions It requires a 
moderately heavy soil — ^that is, a clay or a loam by 
preference — spnng or early summer rams, and a fair 
amoimt of sunshme, and at least a fairly dry summer 
It IS grown in some part of every country which has a 
temperate climate, but there are now certain regions 
of the world which produce very large quantities The 
thickly-peopled manufacturmg countries of western 
Europe do not grow nearly sufficient for their needs, 
hence there is a considerable import Especially is 
this the case with Great Britain, which now grows only 
barely 20 per cent of its needs , but it is also true m 
a less degree of Belgium, Holland, and Germany The 
best wheat-lands m Bntam are m the East Anglian 
district and in parts of the south-east Midland Clay 
Vale and the Fenlands France grows large quantities 
m the Paris Basm, the Biscay Basm, and the Rhone 
Valley The Plain of Hungary, the Lower Plam of 
the Danube, and the Black Earth region of Russia 
3neld enormous quantities The Nile Valley produces 
wheat as a “ wmter ” crop, and it is largely g^o^vn 
similarly m the lower valley of the Indus and the 
Punjab Victoria, South Australia, and Western Aus- 
tralia grow mcreasingly large quantities The largest 
wheat regions of the world are, however, the middle 
plams of North America and some parts of the plam of 
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Argentina In the United States the chief wheat- 
growing states are Kansas, North Dakota, Montana, 
Nebraska, Oklahoma, Washmgton, South Dakota, 
Idaho, Illinois, Minnesota, and Oregon, approximately 
m the order named In Canada, Saskatchewan, 
Alberta, Manitoba, and Ontario are the great wheat- 
producing provinces, m the order named The world’s 
output of wheat in million bushels was as follows (in 
round numbers) in 1933 

USA, 528 , Soviet Union (?) 1016 , Canada, 272 , 
India, 352 , France, 360 , Argentina, 288 , Italy, 296 , 
Rumania, 120 , Australia, 184 , Hungary, 96 The 
world's total was estimated at 5200 milhon bushels , 
those given above account for over 3500 million 
bushels 

It has been already mentioned that wheat is groivn 
as a cooler season crop in Egypt and India , it is 
harvested in Egypt m about April and IMay, m the 
Punjab in March, and m the Lower Indus district m 
February The harvest m countnes m the southern 
hemisphere comes, of course, towards the end of theu 
summer, m January and February m Australia and 
the Argentine In the northern hemisphere it is 
harvested m May and June m the north of Africa and 
in Chma and Southern Japan , m June and July m 
the Mediterranean penmsulas, m July m Hungary, 
Rumania, and Southern Russia, and in August and 
September m England, Ontario, and Central Russia 
It will be seen that wheat is being harvested some- 
where at almost every time of the year, so that the 
import of it to Western Europe could be almost con- 
tmuous 

It will be necessary to mention only very briefly 
the very numerous preparations of wheat other than 
flour Macaroon is made from wheaten flour in Italy 
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and the south of France The flour is worked into a 
dough vnth water and forced through gauges, ]ust as m 
plpe-dra^vlng Vennicelh is very similar, but is made 
mto smaller rolls Macaroni and vermicelli are made 
from hard varieties of wheat grown m Italy and the 
other Mediterranean lands, and also imported from 
India There are numerous “ pastes made in Italy 
from wheat en flour , the latter being made mto dough, 
rolled out into thm sheets, and then cut mto small 
pieces Many preparations of wheat axe now m vogue 
from Canada and the United States, most of them 
bemg put on the market imder trade names, such as 

Force,'' “ Grape Nuts," etc An immense trade is 
now earned on in these partially cooked or otherTOse 
prepared foods 

It may be convenient to point out here that the United 
Kingdom and the Insh Free State imported 240 million 
bushels of wheat and 6 million sacks of flour (of 2S0 lb ) 
in 1933 The wheat production in each of the years 
I933i I934> was about 60 miUion bushels 

Barley — ^This cereal is gro\vn over a wider range of 
climate than any of the other gram crops , for example, 
excellent barley is produced m the plains of North- 
Western India, and it is also grown as far north as 70° 
north lat in Norway This is not essentially a bread- 
crop , it is largely grown to be made into malt, which 
IS used in the brewing of beer The barley grains are 
allowed to sprout , at this stage the starch in the gram 
has been largely converted into sugar , then the gram 
is killed by heating The sugar in the malt splits up 
into alcohol and carbon dioxide in the process of fer- 
mentation The greatest barley producing countries of 
the world in 1933 were USA, 152 million bushels , 
Soviet Union, 344 , Germany, 152 , Canada, 64 , 
Japan, 104 , North Afnca, 96 
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Oats — ^This cereal may be grown in regions where 
wheat does not produce very well, as it wiU stand a 
wetter and cooler climate Hence it is a more northerly 
crop m Europe and North America Oatmeal is baked 
into oatcake, and is also used for porridge and gruel 
Oats form one of the chief fodder crops, especially for 
horses Oats are now made mto various prepared 
foods, and in these forms are now sold m immense 
quantities The chief countries where oats are groivn 
are the following, m the order named United States, 
Russia, Germany, Canada, France, United Kmgdom, 
Poland In the United Kingdom the weight of oats 
produced is more than equal to that of wheat and 
barley together Scotland and Ireland produce far 
more oats than wheat, the climate being more suitable 
for the former crop 

Eye — This is essentially a northern cereal also, and 
is grown on poorer soil than wheat or barley It ivill 
also endure considerable extremes of climate Very 
little rye is now grown, in the United Kingdom, though 
bread made from it was quite common among the 
poorer classes in the early part of the nmeteenth 
century It is cultivated m the poorer sandy lands 
of Holland, Denmark, Prussia, Russia, and Southern 
Sweden It is there the chief bread- plant, and the 
so-called “ black biead ” made from it is the chief food 
of the peasantry Rye is grown as a fodder-plant, and 
for the sake of its valuable straw in the United States 
Rye-starch is prepared and sold m large quantities as 
fanna 

Maize — This is the crop always called " corn ” in the 
United States In the British Isles it is often called 
“ Indian corn ” It is a warm-climate cereal, and its 
cultivation extends more widely into the tropics than 
the other cereals, but little mto the cool temperate lunds 
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It will stand neither great cold nor long-continued 
drought The chmate of the Bntish Isles is not warm 
and sunny enough, the dry summers of the typical 
Mediterranean lands are not suitable, except where 
imgation can provide considerable moisture for the 
growing plants ^Vhe^e it can be successfully grown 
it IS a paying crop, for it is very productive and yields 
far more V eight per acre than either wheat, barley, or 
oats 

Maize-flour or corn-flour is made from the grain, and 
IS largely used in making blanc-mange, cakes, and 
puddings The meal is used for bread m some countries 
chiefly when mixed \vith rye meal In the United States 
a favounte dish called hominy — a kind of pudding — is 
made from coarsely-ground maize meal The whole 
grains are often cooked and eaten along with meat, much 
as the Bntish use peas or beans The whole heads are 
cooked and are known as corn-cobs, and are a favourite 
dish in some parts of the United States Much starch 
is made from the grain, and from the starch m turn 
glucose (a form of sugar) is prepared This gram is also 
much used in brewing and distilling 

This IS the only cereal which has spread from the New 
World to the Old, and its name, Indian corn, is a reminder 
that it was cultivated by the onginal inhabitants of 
America 

It IS still cultivated m its own continent in enormous 
quantities, the valley of the Mississippi, with its rich soil 
and its moderate summer rams, suiting it admirably 
It IS the great crop of the Central plain, between the 
wheat belt and the cotton belt There was nearly 
twice as much acreage devoted to maize as to wheat in 
1928, and the yield m bushels was more than three 
times as great The remarkable part played by the 
United States m maize production may be seen from a 

23 
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comparison of the whole world's output for 1933, given 
in quarters of 480 lb 


Total for whole world 

United States 

Argentina 

Soviet Union 

Rumania 

Brazd 


. 466,000,000 qrs 

. 272,000,000 „ 

27.000. 000 „ 

22.000. 000 „ 

21.000. 000 „ 

23.000. 000 „ 


The remainder was produced in India, Egypt, Mexico, 
Yugoslavia, South Africa, Brazil, Italy, and Hungary 
Millet — ^This is the general name given to a number 
of grain-crops used almost exclusively in hot lands 
Perhaps the best known are Great Millet or Guinea 
Corn, and Spiked Millet The former is called dnrra 
in the Sudan, where it is largely grown. Both kinds 
are very largely cultivated in India as food crops 
A species of millet is grown m the southern United 
States as a green fodder crop 

Rice — ^This IS essentially the gram-crop of the hot 
lands It requires both considerable warmth and 
plenty of moisture, so that it does well m the hot 
equatonal lowlands and in the hot monsoon lands 
The plentiful summer rams of the latter chmatic tjqie 
m Asia suit it admirably, and that region is, par 
excellence, the nee land of the world The nch 
deltaic lowlands of Bengal, Burma, Siam, and China, 
and the hot coast-lands are the places where it is grown 
m greatest quantity Rice grows with enormous 
rapidity under suitable circumstances of soil and climate, 
and it yields a greater weight of gram per unit of area 
than any other gram crop Two crops are frequently 
obtained on the same ground m a year, so that nee 
provides a large amount of vegetable food in the 
regions where it is most freely grown It is significant 
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that these nee lands are the most thickly peopled parts 
of the earth's surface, and it is estimated that probably 
one-third of the human race uses nee as its chief food- 
gram 

This gram is not so rich m food value as wheat or 
oats or maize, and it is doubtful if the rice eating 
peoples possess the same stamina generally as the 
wheat and oats consumers of other lands , but prob- 
ably other factors than the use of nee as the chief food 
are concerned \nth the difference The Eastern peoples 
are gradually taking more to other food-grams as 
they adopt Western ideas in other respects In addi- 
tion to the use of the gram as food, much starch is 
prepared from nee The straw of the plant makes a 
good fodder 

Rice IS gro^vn under circumstances similar to those 
of its chief home, m the Southern United States, 
especially m Florida and near the Mississippi delta, in 
the West Indies, Central America, m Brazil, British 
Guiana, British West Africa, and the Sudan Just 
as vaneties of wheat have gradually been evolved 
by selection which can stand a wetter climate, so 
varieties of nee have been evolved which grow in 
drier soil and m a somewhat cooler climate The 
nee grown m dner and cooler lands now plays an in- 
creasmgly important part m the world's output, especi- 
ally m Egypt, Bulgana, the Plam of Lombardy, and 
Spam 

Over 82 milhon acres were under nee in India in 
1933, and the production was about 46,000,000 tons 
The Bntish Isles imported £520,000 worth of nee and 
nee flour from India in the same year, Siam exported 
nearly twenty miUion pounds worth in the same year, 
1933 In Japan, about 8 milhon acres were under rice 
m 1931, and yet that country imported half a million 
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pounds’ worth in that year, and tliree-quarter million 
pounds’ worth in 1932 The Japanese imports mainly 
came from the more thinly peopled lands of Burma, 
especially the Irrawadi delta and the lowlands near the 
Salwen, and from Siam 

LEGUMINOUS FOOD-PLANTS 

There are a great number of plants which have 
their seeds enclosed m a long seed-vessel, after the 
manner of the familiar peas and beans Those which 
are used as food for either man or cattle are often 
termed 'pidses The chief are peas, beans, chick-peas 
or gram, soya-beans, and lentils AH these seeds 
contain a relatively large proportion of nitrogenous 
food-stulfs, hence they are valuable foods 

Peas are cultivated throughout the temperate zone, 
and they will thnve even m the cooler parts Canada 
and the United States produce the greater proportion 
of the peas which are imported into the manufacturing 
countries of Western Europe France, Belgium, Hol- 
land, Germany, all grow large quantities , m the 
Bntish Isles they are grown m the Fenlands in East 
Anglia and the Clay Vale of Aylesbury, perhaps more 
largely than anywhere else 

Beans — ^There are several vaneties which are culti- 
vated , some suited to colder climates, some only 
growing well in warmer lands The Mediterranean 
lands produce very large quantities, Egypt alone 
having nearly half a million acres under beans m 192S 
Very large quantities of beans are imported mto Britain 
from Egj'^pt 

Cluck-Peas, or Gram, are grown in the Mediterranean 
lands and in India, where this and other pulses suppi} 
the nitrogenous foodstuffs which people in colder regions 
derive more from animal foods Gram is one of the 



FOOD PLANTS 


o:)/ 


chief articles of diet in Spam, and the Spanish speaking 
countnes of Central Amenca also gro%\ some quantit\ 
and import a good deal from the Mediterranean 

Soya-Beans are chiefly gro^^’n in Manchuria, Japan 
and India These beans are wadcly used for soups and 
sauces, also as a food in India Tlieir use as food is 
spreading in Bntain and German} The beans cont'^in 
30 to 35 per cent of oil, Inch is largely used in rnargariii^ 
manufaciure , so} a-bean cake is an excellent cattle loud 

Lentils, — These are grown in the same regions 
the Mediterranean countnes and India, especially in 
the latter countr}3 where again large quantities are 
consumed m place of animal food Lentil seeds are 
considered \er} nutntious Soups are commonly made 
from them in the cool temperate countnes 

ROOT CROPS 

The chief of these used m temperate countries as 
food are the turnip, sw ede, and carrot The Turnip is 
probably a native of Europe, but its cultivation has 
spread into all the temperate lands It w as knov/n to 
the Greeks and Romans, it spread through Northern 
Europe in the Middle Ages, and was probably intro- 
duced into the Bntish Isles in the sixteenth centur} 
There are now several vaneties which have been 
developed to suit different soils and other conditions 
Like the other roots, it has not a high food value, but 
it is considered valuable as an anti-scorbutic 

The Swede, or Swedish turnip, is cultivated very largely 
on the continent of Europe, and in North Amenca, 
where it is known as Rtitahaga This is the most 
valued of the turnip family, as it is not only more hardy 
but more nutntious than the common kinds of turnips 
Both the turnip and the swede are grown in the rotation 
of crops, usually following the wheat crop 
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There are two chief varieties of Carrots, the orange 
and the large white variety The orange carrot is 
the favourite in the British Isles, but the white and light 
yellow varieties are largely grown on the continent of 
Europe These three root-crops are used as vegetables, 
and also as fodder crops Turnips are often eaten on 
the land, the sheep or cattle being confined by hurdles 
to a limited piece of ground All three contain a 
relatively large quantity of sugar, but very little 
nitrogenous matter 

Beet — ^There are several varieties of beet which 
are cultivated m temperate regions They have all 
broad leaves and long tap roots Mangel-wurzel, or 
mangold, is one which is grown as fodder for cattle 
m the sunnier parts of the British Isles The sugar 
beet is grown over a wide range m temperate regions 
in Central and Western Europe, m U S A , Canada, 
Argentina, and Australia It has now been success- 
fully grown for some years m the British Isles, and m 
1933 there were 364,100 acres under the crop, the leading 
counties being Norfolk, Suffolk, Lincoln, Cambridge, 
and Yorkshire About 500,000 tons of beet sugar were 
produced from the beets grown in England There 
were 20,000,000 acres under sugar beet in Europe in 
I933> Russia having the largest acreage Germany, 
France, Czechoslovakia, Poland, and Italy were other 
important growers of sugar beet 

Potatoes. — ^The potato is not a root, but an under- 
ground tuber , still, it may be conveniently studied at 
this point It IS one of the plants which the New 
World has given to the Old, and its cultivation is now 
very widespread It is a plant suited to the temperate 
zone, and it thrives well m such different locahties as 
Ireland and the Prussian plams, the one with a con- 
siderable rainfall and low range of temperature, the 
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other mth a low rainfall and a comparatuely wide 
range 

There were over 1,100,000 acres (over 1700 sq miles) 
under potatoes m the Bntish Isles m 19331 of ^vhlch the 
Irish Free State had 365,000, and the production reached 
over 7,000,000 tons In the United States there were 
over three times the British area given o\ cr to this crop 
Canada had over half a million acres under potatoes 
m the same 3^ear, Ontario leading mth 28 per cent of 
the total area Germany had 7,000,000 acres (11,000 
sq miles), that is six and a half times the British area 
Russia claimed to produce about 50,000,000 tons in 
1926 Potatoes are much in demand as a food, and 
they are also much used for the production of starch, 
and from the starch a good deal of sugar is made, and 
from this m turn large quantities of alcohol knoi\Ti as 
‘ potato spint ” Brandy " is now largely manu- 
factured from this source The starch and spirit 
mdustnes are important in German}’’ and Holland 

OTHER STARCHY FOODS FROM TROPICAL REGIONS 

It has alreadv been mentioned that starch is obtained 
from potatoes, nee, and maize All the cereal grains 
contain starch, but it is prepared from rice and maize 
more than from wheat and r5^e, and very little is pre 
pared from oats The starch m these plants is, of 
course, a valuable part of the food they supply The 
mention of starchy foods leads to the consideration of 
certain other products from tropical regions, whose 
principal food-stuff is starch 
Sago — ^This IS obtamed from the pith of various 
species of palm, all of which grow in equatonal regions 
The '' sago-palm of Malaysia is the best knoivn and 
most important This grows m the equatonal lowlands, 
and yields a large supply of food with remarkably 
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little labour The trees are felled and split, and the 
starchy food washed out from the central parts The 
demand for sago has led to the systematic cultivation 
of this palm, and plantations of it are now worked in 
Borneo and equatorial South America The British 
Isles imported £400,000 worth of sago from Smgapore 
m 1927 That port does most of the transhipping foi 
all the trade of the Malay Peninsula and Borneo 

Tapioca. — This is prepared from the tubers of the 
tropical manioc or cassava plant The plant is a native 
of Brazil, but its cultivation has now extended through- 
out most of the equatorial lowlands The tubers 
contain hydrocyanic or prussic acid m their origmal 
condition, and require to be washed with water, pressed 
and heated to get rid of that poison The granular 
meal derived from them after this treatment is the 
tapioca of commerce , if prepared m a slightly different 
way it IS known as cassava powder Average tapioca 
contains about 83 per cent of starch, and the proportion 
in sago and arrowroot is not very different The British 
Isles import about 25,000 tons of tapioca and cassava per 
year, mostly from the West Indies and the East Indies 
Arrowroot — This farinaceous food is obtained from 
the rhizomes or root-stocks of various tropical plants 
Jamaica, Bermuda, St Vincent, and the East Indies 
supply the bulk of the arrowroot which comes to the 
temperate countries of the west of Europe and North 
America 


THE SUGAR-CANE 

The sugar-cane is a tall grass from the root-stock 
of which stalks reaching 8-12 feet in height and 1-2 
inches in thickness are sent up It grows under equa- 
torial and tropical conditions and is widely distributed 
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It IS cultivated solely for the sugar-juice obtained from 
the stem It is propagated by planting cuttings of 
stems which have buds at the nodes* The veight of 
sugar yielded varies from 7 to 15 per cent of the weight 
of the canes There has been a long and keen competi- 
tion between the sugar-cane and the sugar-beet, but 
it has been by no means confined to methods of cultiva- 
tion and extraction Fiscal legislation has plaved a 
considerable part Up to about 18S6-88 the sugar- 
cane led, at one time quite easily, but owmg to the 
bounty system on the continent of Europe the beet- 
root came abreast by about that time and then gradu- 
ally went ahead In iSg6 the sugar-beet supplied 
the world wnth 5 million tons of sugar, and the sugar- 
cane about 2^ million, that is, the sugar-beet supplied 
about tw^o-thirds of the whole quantity The bounty 
system and protective duties, m Central Europe chiefly, 
seemed at that time likely to Icill the sugar-cane in- 
dustry By igi2 cane sugar had again forged ahead, 
and supplied 57 per cent of the world's supply The 
great new contributor w^as India, with nearly 2^ million 
tons The chief regions are now Cuba, Java, India, 
Hawan, Porto Rico, USA, Mauritius, Brazil, Australia, 
Fi]i, Peru, and Natal The British Empire supplied 
5 2 million tons of cane sugar in 1933 , the“ world's 
total was 17 million tons of cane sugar, and g million 
tons of beet sugar Partsch ^ wrote in 1903 “ In a 

few years the United States wiU be the first sugar- 
producing country in the world, and wuU be powerful 
enough to set hmits to the sugar-trade of other places " 
So far has this prophecy failed, that in 1933 the sugar 
output of the United States had reached no more than 
about two milhon tons from both the cane and the 
beet 

^ In CenUal Bitrope, ” Regions of the World ” Senes 
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TEA, COFFEE AND COCOA 

These are essentially products of hot lands, either 
equatorial lowlands, tropical savana lands, or lands of 
summer ram& 

Tea IS especially a shrub of the monsoon lands of 
south-eastern Asia It has been claimed as a native 
of Bengal, and also as a native of the Chinese Empire A 
variety grows wdd m Assam, which has been regarded 
by some as the parent stock from which aU the others 
have been derived 

The Chinese certainly cultivated it largely at an early 
date and made it known to Europeans, and Chma is 
still popularly regarded as essentially the home of the 
tea- plant Tea is a hardy plant, requirmg much warmth, 
moderate moisture, and grows best m a well-drained 
soil Hence it succeeds best on the hill-slopes m the 
tropics Cheap labour is necessary to do the plantmg, 
picking, and subsequent handlmg, and it is chiefly 
on this account that the cultivation of tea has spread 
so little outside India, Ceylon, Java, Sumatra, Chma, 
and Japan, where labour is cheap 

Tea-cultivation m India and Ceylon has mcreased 
enormously within the last half-century , and it has 
been carefully fostered by the Government Tea- 
plantmg has taken the place of coffee m Ceylon, the 
climate and soil having been found to be especially 
suitable to the tea-plant In 1882 Ceylon exported 
less than one million pounds’ weight , in 1933 it exported 
250,000,000 lb Tea-planting has also made some head- 
way in Natal, Central Afnca, the West Indies, Brazil, 
Austraha, and Mauritius India, Ceylon, Java, Sumatra, 
Chma, and Japan produce the bulk of the world's 
demands The British Empire produced about 694 
million pounds in 1933, most of it m India and Ceylon 
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The great consumers of the world's tea are the Chinese 
Japanese, the people of India, the British (at home and 
m the Colonies), the Russians, and the people of the 
United States The United Kingdom takes not far 
from half of the whole export of the world The import 
of tea into the United Kingdom in 1933 was over 500 
milhon lb , the United States imported tea to the 
value of 29,000,000 dollars m that year 
Coffee — ^The coffee plant is probably a native of 
north-eastern Africa, from whence its cultivation has 
now spread throughout the tropics It is obtained from 
the beans or seeds, which are enclosed m a seed-pod 
A warm and moist climate is essential, without excessive 
heat , the coffee shrub is therefore often grown under the 
shade of other trees Brazil now produces over three- 
fourths of the world's total The chief region lies 
between 20® and 24® S latitude, that is, almost on the 
southern tropic Rio de Janeiro and Santos are the 
great coffee ports of the Brazilian coffee lands, and Sao 
Paulo the great market The coffee-producmg coun- 
tries of the world are Brazil, the Dutch East Indies, 
Central America, the West Indies, Venezuela, British 
India, and Kenya It may be especially emphasised 
that coffee has not been listed as an export of Ceylon 
for many years The island was once famous for 
coffee, but m the prosperous years plantations were 
established rashly, and in unsuitable situations The 
ravages of fungi and msects have assisted m the failure, 
and tea has almost completely replaced coffee as a staple 
production The great coffee-consuming countries are 
the United States, Central Europe, and France 
Cocoa (Cacao) — ^This is essentially a product of the 
hot equatorial lowlands, and its distribution is more 
limited than that of tea or coffee The fruit of the 
cocoa tree contains a number of closely packed seeds 
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The cocoa used for beverages is prepared from these 
seeds For the successful growth of the cocoa-plant 
the mean annual temperature should be about 80° F , 
and the dry season must be short It is produced m 
tropical America in Brazil, Ecuador, Venezuela, Jamaica, 
and Trinidad , in Southern Nigeria, the Gold Coast, and 
the island of San Thome m tropical West Africa , and in 
the East Indian Islands Nearly half the world's out- 
put came from West Africa m 1933, ^vlth the Gold Coast 
as the world’s foremost producer London is the greatest 
world market 

Mate or Paraguay Tea — ^This is obtained from the 
leaves of a small tree or bush which grows in Southern 
Biazd and Paraguay An infusion of it is used m South 
America ]ust as tea is used in English-speaking lands 
Prof Church disparaged its use very strongly, as it acts 
injuriously upon both the nervous and digestive systems 

Fruits 

Fruits of the equatorial region wdl be discussed 
first, and then those of cooler climates m succession 

Equatorial and Tropical Fruits — These are very 
numerous, but very few of them reach temperate lands 
The difficulties of transport are as yet too great Resi- 
dents and travellers in tropical lands often attempt to 
excite the envy of dwellers in cooler regions by descrip- 
tions of tropical fruits The chief of those which do 
reach countries such as the British Isles are the banana 
pineapple, coco-nut, and date 

Banana — ^This requires a hot, damp climate It 
reaches as far north as Florida and Southern Japan, 
and as far south as Northern Natal and Southern Brazil 
The West Indies and Central America lead m the banana 
trade, and immense quantities are now shipped from 
thence to the British Islands, Canada, etc 
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Pineapple — ^This plant is a nati\e of Brazil, and is 
no\\ grow m tropical South America, Central America, 
the West Indies, Ha\\aii, Natal, and Queensland It 
has been successfully cultivated as far north as Northern 
California Large quantities are sent to Western 
Europe, chiefly from Jamaica and Central America 
Coco-Nnt — ^This palm is almost ubiquitous m hot 
lands, though it grows most luxuriantly near the sea, 
and especiallj^ on tropical islands It is almost confined 
to the tomd zone, and to the lowest 2500 feet or so of 
the mountain lands of the tropics Its uses are 
almost as varied as the tree is ubiquitous, the 
nuts as food, the milky ]uice, the timber and 
even the leaves, havmg a local importance Much 
more important, however, is the production of copra 
and COD The dned kernels, know as copra, yield 
an oil of which enormous quantities are used for 
burning-od and m soap manufacture, for lubricating 
oils and as an edible fat , the coir or fibres 
which form the covering of the nut are used for 
makmg mats, etc The coco-nuts \vhich come to the 
British Isles are chiefly from Madras and Ce5don It 
was estimated some years ago that at least fort}^ million 
coco-nut palms were growmg on the southern coasts 
of Cejlon The Bntish supplies of copra come from 
India, Ceylon, Straits Settlements, Java, Philippine 
Islands, Sej chelles Islands, British East Africa, Zanzibar, 
Bntish West Africa, West Indies, New Gumea, Fiji 
Islands, Samoa, and other tropical Pacific Islands^ 

Date — ^The date-palm is a charactenstic tree of the 
tropical thomw ood or caatinga climate, and also of the 
desert Its range is rather wider than the torrid zone, 
but its fruit does not ripen well m Italy or the Balkan 
Penmsula Northern Afnca, Arabia, Mesopotamia, 
Persia, and India are the chief regions for this palm 
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The chief British imports of the dried fruit are from 
Arabia and the lands round the Persian Gulf There 
are other uses m addition to food, for the timber, leaves, 
and fibre are much used m the regions where it is grown, 
and a sweet beverage is made from the sap 

SUB-TROPICAL AND WARM TEMPERATE FRUITS 

There is, as may be expected, a good deal of over- 
lapping of fruits m tropical, sub-tropical, and warm 
temperate regions, especially with fruits of the citrus 
family Fruits are common m the three types of warm- 
temperate climate, Mediterranean, Chinese, and Conti- 
nental, and withm certain limits the fruits indigenous 
to each type have been naturalised m the others The 
western type, with its dry summers, is rich m fruits, 
and a very great number might be enumerated Only 
the more important can be mentioned here 

Orange — ^This is a native of the monsoon lands 
of south-eastern Asia , it has been claimed as a native 
of both India and China It was probably mtroduced 
into China at a very early date, and the Chmese have 
long cultivated the tree with great care It was brought 
from Chma to south-eastern Europe m the middle of 
the sixteenth century It has now spread to many 
tropical and most of the warm temperate lands The 
usual limit of its cultivation is about 37°-40°, but it 
reaches 43°-44° in the north of Italy The tree is ever- 
green, and its rich green glossy foliage can survive the 
dry warm summers As an illustration of the trans- 
ference of fruits from one region to other similar climatic 
regions, the magnificent orange groves of Victoria and 
New South Wales may be instanced The plants were 
origmaUy brought from Spam, and they flourish side 
by side with apricots mtroduced from California, but 
which probably came from Armenia originally Oranges 
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are exported in quantity from Spain, Italy (especially 
Sicily), Algena, the Levant lands, the West Indies, 
South Afnca, southern Brazil, and southern Australia 
In 1933 the United Kingdom imported from Spain alone 
oranges to the \alue of £6,000,000 approximately 

Lime, Citron, Lemon — ^These are other species of 
the genus ciUuSy all charactensed by similar fragrant 
or essential oils in the nnd or peel, and all containing 
citnc acid and potassium citrate in the fleshy pulp 
They are all grown in warm temperate and hot lands 
The citron was the first of the whole citron group to be 
naturalised m Europe, having been mtroduced by the 
Romans from Mesopotamia m the first century These 
frmts thrive m the West Indies, from which large 
quantities of lemons and limes are exported The 
limes of Montserrat and other islands are well known 

Fig — ^The common edible fig is probably a native 
of southern Turkestan, and its cultivation has long 
been carried on m the countries bordering the 
Mediterranean, m Persia and Armenia, and especially 
m Asia LImor Sm3nna is the chief port of export 
for figs They are successfully grown m Greece, 
southern Italy, and Spam Large quantities of dried 
and pressed figs are imported mto the British Isles and 
other cool temperate lands 

Mediterranean Nuts — Several nuts rich m oil and 
nitrogenous food-stuffs are grown and exported from 
Mediterranean lands The best known are walnut, 
chestnut, filbert, and alnvond Almonds are exported 
especially from Malaga, filberts from Barcelona, chest- 
nuts from several Spanish and Italian ports These 
nuts are for the most part luxuries in the British Isles, 
but m the countries where they are grown they are 
important articles of food The hickory nut, weU 
kno\vn in North America, resembles a small walnut 
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The last-named and the chestnut and filbert extend 
mto the warmer parts of the cold temperate zone 
The Vine — ^This belongs to the warm temperate 
lands, and extends slightly mto the cold temperate 
regions Its northern limit is about 50° N It thrives 
best m Mediterranean lands with dry summers, but it 
is also grown m some eastern warm temperate lands 
The heavy summer rams of south and eastern Chma 
prevent the cultivation of the vme there for wine- 
making In Europe, the Iberian Penmsula, France, 
Germany, Italy, Hungary, and southern Russia are 
the chief regions for grapes California, eastern United 
States, Asia Mmor, western South America, Cape of 
Good Hope, South Australia, Victoria, New South 
Wales, and North Island, New Zealand, are other vme- 
growing regions The grapes themselves, grapes sun- 
dried as raisins, and wines of various kinds are all 
important products of the vine Valencia, muscatel, 
and sultana raisins are dried grapes of varieties from 
which little wme is made Currants are small raisins 
from a variety of the vine grown m Greece, the Ionian 
Islands, Asia Mmor, and Australia 
The amount and quality of the wme obtained from 
grapes depends upon the nature of the soil, the climate, 
and, of course, upon the variety of grapes produced 
Methods of subsequent treatment of the grape-juice 
also count very considerably The result of the natural 
differences combmed with differences of treatment is 
that almost every region has its own particular kind of 
wme, and certain kinds have been associated with the 
names of certain places from time immemorial The 
chief wme-producmg countries are France, Spam, 
Portugal, Italy, Algiers, Palestme, Australia, South 
Africa, and USA (California) The amount produced 
m Australia has increased considerably m recent years. 
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and in 1928 amounted to 20,500,000 gallons France 
imports cheap wmes from other Mediterranean lands, 
and exports well-known brands of more expensive 
wmes , her imports were twice the value of her exports 
in 1928 

The Ohve — The ohve is far a Mediterranean 

tree Ongmally a native, m all probability, of Asia 
Minor or Armema, the tree has now spread throughout 
the Mediterranean lands, except Egypt The warm 
dry summers suit it admirably, but it cannot stand 
cold \vmters, and hence does not grow well on the open 
parts of the Plain of Lombardy Where there is good 
shelter from the cold north winds it thnves quite well, 
however, on the lower parts of the southern Alpine 
slopes 

The tree is cultivated for the sake of the oil which is 
obtained from the outer parts of the fruit Ohve oil 
is much used as a table oil, for cooking and preserving 
especially in France and Italy, and to a less extent in 
the other Mediterranean countnes It takes the place 
of butter in cold temperate countnes Italy is the 
greatest producer and exporter of ohve oil, while France 
uses practically as much as it grows The British Isles 
import it from Spam, Italy, Turkey, Asia Minor, and 
Morocco Olive oil is used for soap-making, for cooking, 
for salads, etc 

WARM TEMPERATE AND TRANSITION TYPES OF FRUITS 
APRICOT, PEACH, PLUM, CHERRY, ETC 

This group of stone fruits extends from the warm 
temperate mto the cold temperate zone, where several 
varieties of these plums are successfully grown 

Apricots are grown m Northern California, in North 
Island, New Zealand, and Victoria, all of which have a 
24 
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modified Mediterranean climate The fruit can, how- 
ever, be successfully produced m France and Southern 
Bntain, but only ^vlth special care as to the aspect in 
Britain It is thus a transition fruit connecting the 
warm temperate and cold temperate zones, but thnving 
best in the former Its native country is not known with 
certainty, but the specific name, armemca given to it, 
from the old Roman name, suggests it came from the 
country south of the Caucasus, which has given so many 
useful plants to the temperate zone. 

Peach. — This belongs to the same genus as the apncot 
and plum The apncot is Prtiwts armemca ; the peach 
IS PruiMs 'perstca The latter name suggests Persia as 
the native country, but this is by no means certain 
The peach is also a transition fruit, but it succeeds in 
the cold temperate lands rather better than does the 
apricot It is grown in France and the southern parts 
of Bntain, but much more successfully in the United 
States, where it is largely groivn and presented in cans 
for export 

Plums — The several vaneties of the plum belong 
to the same genus, and are more essentially cold 
temperate plants, extending somewhat mto the warm 
temperate zone Many kinds of plums — greengages, 
victona plums, damsons, prunes, etc — are extensively 
grown on the continent of Europe and in different parts 
of the British Isles. Large-sized plums are grown in 
very great quantities in Serbia, and to a slightly less 
extent in Bosnia, Bulgaria, and Rumania Many of 
these are imported into the British Isles m the cEied 
condition There is also a large import of plums from 
France and California Plums may be readily preserved, 
and both in this condition and fresh they form a favourite 
article of food 

Cherry. — This is yet another plum, Prunns cerasus. 
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vhich IS grovm in both warm temperate and cold 
temperate lands The group therefore, which includes 
the apncot, peach, plum, and cherry, is charactenstic of 
the transition from warm temperate to cold temperate 
climates, growing, broadly speaking, between 40° and 60®, 
though there is considerable difference of latitude in the 
different regions, as may be expected 

Apples and Peaxs. — ^These belong to the same natural 
order of plants as the plums, and grow under broadly 
similar conditions of climate and soil They extend even 
a httle farther mto the cold regions, and m Norway apples 
are successfully grown very near the Arctic Circle 
They may, however, be gro^vn m the wann temperate 
^one both under western, eastern, and continental con- 
ditions, though less successfully in the last, as at least 
a moderate rainfall is required Both are native in the 
cool lands of Western Europe, the common crab-apple, 
the probable parent of all the vaneties of apple, being 
w ell known as a hedge plant m the Bntish Isles They 
were known to the early Greeks, both being mentioned 
by Homer The apple is an exceedingly useful plant, 
both as a dessert and in many forms of cookery , the 
many forms in which it is served will be well known to 
every reader 

These fruits are cultivated throughout the whole 
range of the temperate zone Western Europe, in- 
cluding the Bntish Isles, Canada, the north-western 
United States, Cahfomia, Victona, Tasmania, and New 
Zealand, Chma, and Japan are the chief producers 
Both fruits are imported mto the Bntish Isles from 
the Contment, Canada, the United States, Australasia, 
and South Afnca One of the best known regions is 
the Lake Penmsula of Ontario, which now produces 
enormous quantities of excellent firuit {see p 158) 
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SOME COOL TEMPERATE FRUITS 

A number of useful fruits are more nearly con- 
fined to cool temperate lands, though their adapt- 
ability has led to their extension into the warmer lands 
to a somewhat smaller extent than m the case of the 
last group The red and black currant, the goose- 
berry, the raspberry, and the bramble or blackberry 
are well known and useful fruits, essentially plants 
of the cool temperate lands, and extending somewhat 
into Arctic regions The blackberry does not appear 
to be cultivated very much, though it would probably 
pay well for such treatment. The strawberry extends 
from the cooler parts of warm temperate lands nght 
up to the Arctic Circle, the fruit grown in higher 
latitudes being preferred by many people The bil- 
berry and cranberry extend well into the Arctic lands, 
and may be regarded as transition plants from the cool 
temperate to the Arctic They even grow under tundra 
conditions, Arctic tundra as well as Alpine tundra 
The fine luscious bilberries, which grow quite close to the 
snow and ice of the Alps, will be familiar to many a 
tounst. 


OTHER VEGETABLE PRODUCTS 

Spices and Condiments — ^Bnef mention may be made 
of a number of food-adjuncts which illustrate the re- 
lation of vegetation to climate and soil. Most of the 
spices come from the hot lands, the monsoon regions 
taking first place As examples the following may be 
quoted Pepper comes from the Malay Islands and 
Indo-China, and is collected and marketed chiefly at 
Singapore Gtnger is produced in the same general 
regions, where it is native It has now been introduced 
into Bntish West Afnca and the West Indies Allsptce 
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(pimento) comes chiefly from the West Indies and 
Bntish West Africa Cinnamon is produced m the Malay 
Islands, m Ceylon, and the West Indies Vanilla comes 
from Mauritius and Reunion and other islands m the 
Indian Ocean The Spice Islands (the Moluccas), as 
their name mdicates, produce a number of spices , 
nxitmcg and clooes come from there, and from Java and 
the est Indies Zanzibar produces 90 per cent of 
the \vorld’s demand for cloves 

Spices played an extraordmary part in the early trade 
bet V. een the East Indies and Western Europe They were 
brought both overland to the Mediterranean and thence 
for^\ard to the north-west, and also round the Cape 
The profits often made were enormous, as the spices 
were bought at very low pnces m the Eastern market 
Of course the risks were weiy great, as not only were 
there the dangers from storms, and from rocks and 
shoals not mapped, but piracy was then very common 
Tobacco and Opium — ^Though not foods, these nar- 
cotics may be mentioned at the close of this chapter 
Tobacco — This is produced from several species of 
plants of the genus Nicotiana, all of which are natives 
of America Though probably of tropical origm, tobacco 
can be gro^v^l over a ^vlde range of climatic conditions 
It is cultivated in tropical Brazil, in India and Java , 
and the recent attempts to grow it m Ireland are well 
loiovm It IS groivn in large quantities between latitudes 
45°-55® N on the continent of Europe Though of 
such wde range the tobacco obtamed varies consider- 
ably accordmg to the conditions of soil and climate 
The Umted States produced about 1,410,000,000 
pounds of tobacco in the normal year 1933 North 
Carohna, Kentucky, and Virginia were the three lead- 
ing states The other chief tobacco-growing countries 
are France, Germany, Italy, Bulgana, Turkey, India, 
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China, and Japan The United Kingdom imported 
tobacco (chiefly unmanufactured) to the value of over 
£20,000,000 m 1933 

Opium — ^This is the dried latex of a species of poppy 
which IS extensively grown in Egypt, Asia Minor, 
Persia, India, the East Indies, and China The Chinese 
demand for opium was formerly supplied mamly from 
India Both the growth and import are bemg rapidly 
diminished in Chma, the Bntish Government havmg 
co-operated by legislation to reduce the contribution 
from India 

Cinchona and Quinine — ^There are several tropical 
trees the bark of which contams a number of alkaloids , 
the most important of these alkaloids are qumme and 
cinchonine The bark itself is widely used medicmally 
under the name cinchona hai k or Penman bark Qumme 
and compounds of qumme, such as the hydrochloride, 
sulphate, and some double salts, are freely used m 
medicine Quinine is valuable as a medicme m two 
ways, first as a specific antidote in malarial diseases, 
probably actmg as a poison to the parasitic micro- 
organisms , secondly, as a febrifuge in mtermittent 
fevers Cinchonine is not so valuable and reliable as 
quinine Many attempts have been made to produce 
the latter alkaloid synthetically, but, though its con- 
stitution is now understood, the production from simpler 
and cheaper compounds has not yet been achieved on 
a commercial scale Qumme, therefore, is still obtamed 
from the bark of the various Cinchona trees These are 
natives of the tropical parts of the Andes, chiefly those 
between the equator and the southern tropic They 
flourish best on the slopes of the mountams between 
altitudes of about 2000 to 8000 feet, where rams are 
plentiful and there is copious sunshine The trees have 
been successfully grown m many other tropical regions. 
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and supplies of quinine and cinchonine are now obtained 
from a wude range of tropical lands Colombia and 
Jamaica, Mevico and Cuba, Southern India, Ceylon, 
Java and Sumatra, Philippine Islands, South Africa and 
Rhodesia are among the successful localities 
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PLANTS AND PLANT-PRODUCTS OF ECONOMIC 
IMPORTANCE— 

TEXTILE PLANTS 

OottoDL — This IS the most important plant-product 
outside the foodstuffs, from a commercial point of view , 
its growth IS ^vldespread , its uses so far-reaching 
There are 1hree or four species of plants of the genus 
Gossyptuni from which cotton is obtained The seed- 
vessels of these plants are enveloped when npe by 
tufts of white woolly fibres These fibres are easily 
“ picked” from the npe, opened seed-vessel 

Cotton is grown in almost all tropical and sub-tropica .1 
regions, but its cultivation is most successful m the 
latter, or in elevated equatonal lands In India, Central 
Afnca, and Brazil, for example, the cultivation is most 
successful on the plateaux, where sub-tropical conditions, 
of course, obtain The different species of cotton plant 
require a long summer, with moderate moisture, and 
a low range of temperature Equable warm tempera- 
tures, with no frost, produce the best results In the 
United States, still by far the greatest producer, the 
average temperature m the three most important 
months, June, July, August, is 76” to 82° There are 
copious summer rams, which rapidly dimmish in 
quantity inland , and the chief areas of production are 
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some distance from the coast Texas, Georgia, Mis- 
sissippi, Alabama, S Carolina, N Carolina, Arkansas, 
Oklahoma, Louisiana, and Tennessee are the great 
cotton-growing states Florida, for example, produced 
only 15,000 bales in 1932 against 4,445,000 bales from 
Texas It vnll be noticed that the dry western plams 
and the northern states are outside the cotton belt 
The limits are roughly 100® W and 38° N In India, 
the next great producer, the plant is chiefly grown m 
the regions fed by the monsoon rams, or in the weU- 
irrigated regions of the north-west The temperature 
has a somewhat wider range dunng the important 
growing months, rangmg from 75° to 88° In Egypt, 
cotton IS almost confined to the delta and to those parts 
of Middle Egypt where water can be freely supplied 
by irrigation through the seven months of growth 
The average temperature at Cairo m the same three 
important months is from 83° to 85° The alluvial 
soil of Egypt is remarkably fertile, and this, combined 
with the climatic conditions, causes Egyptian cotton 
to be of very high quality ^ 

The world's production of cotton amounted in 1932-33 
to nearty 26,000,000 bales of 480 lb The United States 
contnbuted nearly 13,000,000 bales , India, 4,100,000 , 
Russia (Turkestan and Caucasia), 1,800,000 , and Egypt, 
1,700,000 USA may be expected generally to pro- 
duce about 60 per cent of the world's total, and India 
about 16 to 20 per cent Chma produces a large amount 
of cotton for home consumption, chiefly m the valley 
of the Yangtse The amount produced in Chma is not 
known Great efforts have been made for many years 
to mcrease the output from different parts of the British 
Empue, the British Cotton-Growmg Association havmg 
m\estigated conditions of soil, climate, and labour, and 
1 Anglo-Egyptian Sudan grows similar varieties 
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earned out extensive experiments in many colonies. 
The British Empire produced about 5,650,000 bales in 
1928-29, that IS over one-fifth of the world’s known 
supply Outside India about half a million bales only 
were produced Uganda, Nyassaland, Southern Nigeria, 
C3'prus, and the West Indies were the chief contributors 
The United Kingdom imported raw cotton valued at 
£31,000,000 in 1932 and £37,000,000 in 1933, both 
years of "bad trade ’’ 

Flax. — ^Tliis plant yields a variety of useful products 
The inner bark of the stem yields the fibre called hnen , 
the shorter fibres, not long enough for weaving, form 
tow, which IS used for rope and tivine-makmg , the seed 
(linseed) jnelds an oil which is largely used in making 
paints and varnishes , when the seeds are pressed for 
oil a " cake ’’ is left wdiich is an excellent cattle food, 
under the name of oU-cake , the seeds when ground 
form the common Imseed-meal used for poultices 

Flax may be grown under widely different conditions 
of climate India, the colder parts of central and west 
Russia, the N -E of Ireland, and the Pampas of Argentina, 
ma}^ be quoted as illustratmgthe Avide variety of climatic 
and other conditions The plant is gro^vn for different 
purposes, however, m these different regions In India, 
flax IS groivn chiefly for the seeds, and indirectly for the 
oil , the fibre of Indian flax is of little value In Russia 
the fibre is the more important product. In the United 
States the plant is gro^vn almost exclusively for the seed 
The chief regions for the production of flax are India, 
Russia, the United States, and Argentina The areas 
under flax m the countries named, in 1928 or 1929, were * 
India . . . 3,124,000 acres 

Russia . . . 4,300,000 „ 

United States . . . 2,720,000 „ 

Argentma , . . 7,000,000 „ 
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In the Bntish Isles the acreage under flax in 1928 
was about 54,000 acres, of which roughly two-thirds 
of the whole was in Northern Ireland In England 
alone there were 2600 acres where flax was bemg grown 
for the seed 

Hemp — ^This plant produces a fibre sinailar to that 
of flax, only coarser and stronger , hence it is chiefly 
used for canvas, saildoth, and ropes It is growTi over 
a wide range of climate, as m the case of flax The three 
chief countries are Russia, Italy, and India Russia 
produced 534,000 tons of hemp seed and 490,000 tons 
of hemp fibre m 1928 Italian hemp is of excellent 
quality, that of Piedmont bemg especially noted 
Hemp is grown m India more for the sake of stimulants 
derived from it, of which the most important is charas, 
an mtoxicatmg drug 

Jute — This comes next after cotton and flax mi 
quantity among the textiles of vegetable origm It is a 
product of hot countries, the low lands of Bengal and 
Onssa producmg the bulk of it It needs a high temper- 
ature and moist conditions Alluvial soils and rich 
loams suit it best India had about 2,000,000 acres 
under ]ute in 1932 and produced nearly 6,000,000 
bales of fibre 

There are several other fibres now produced m tropical 
lands, all of which are used for much the same purposes 
as hemp and ]ute Manilla hemp is obtamed from a 
species of banana grown m the Philippme Islands , 
ramie or rhea ^ comes from a species of nettle origmally 
grown m Chma, but now grown m India, the East 
Indian Archipelago, Mexico, and North Africa, hene- 

^ Ramie fibre promises to become more important as an ordi- 
nary textile fibre in the future , at present its chief uses are in 
mcandescent mantles, in the making of a special surgical lint, 
and an cloths made from mixtures of silk, artificial silk and ramae^ 
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quen or sisal hemp is made from the thick fleshy leaves 
of an agave grown m Central Amenca, the West Indies, 
Kenya, India, and the Philippmes 
Silk. — ^This IS treated here because, though of animal 
origm, its production is dependent chiefly on the mul- 
berry Silk is the fibrous material with which the 
caterpillar of the silk-moth encloses its cocoon. The 
growing caterpillar feeds on the leaves of different 
species of mulberry Silk is therefore produced in 
regions where the mulberry tree can be grown success- 
fully It IS essentially a product of subtropical and 
temperate regions The origmal home seems to be the 
eastern margin of the monsoon lands of Asia Silk 
has been known m China since long before the Christian 
Era, possibly about 3000 years before It is now pro- 
duced throughout almost all China proper, but by far 
the greater proportion comes from the region between 
30° N and 35° N This latitude may be compared 
with that of northern Italy and the valley of the Rhone, 
quite 10° higher m latitude The milder winters of 
the western lands, contrasted ivith the cold winters of 
China, are, no doubt, the explanation of this northerly 
displacement of the silk-producing region in western 
Eurasia The Middle Yangtse Valley, latitude 30° N , 
has winters only slightly warmer than the valley of 
the Po, latitude 45° N 

Silk tissues were knoivn and highly prized m Greece 
and Rome in the centuries immediately precedmg the 
Christian Era , but the great ^vrlters, Anstotle and Pliny, 
had but the vaguest knowledge of its source and the 
method of cultivation Two monks brought eggs of the 
silk-worm concealed m a bamboo tube to Constanti- 
nople m about 550, and from that time the knowledge 
of its production and manufacture spread westv^ard 

Great Britain imported raw silk to the value of a 
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little over £1,300,000 in each of the 3^ears 1932 and 
1933 ; USA imported raw silk to the value of about 
£25,000,000 in the year ending June 30, 1933 Raw 
silk IS usually about the first in value of the imports to 
USA. That country is by far the greatest manufac- 
turer of silk tissues in the world 
The production of silk in 1933 was approximately as 
follo^\ s ^ 


The World's Supply 

Japan 

China 

The Near East 
Itaty, France, and Spam 


123 000,000 lb 
98,000,000 lb 
9,000,000 lb 
2,500,000 lb 
11,300,000 lb 


The total world production has doubled since 1920 


DYE-WOODS AND OTHER DYE PLANTS 

These have for many years been much less important 
than formerly, their place having been largely taken 
by synthetic dyes produced chiefly from the coal-tar 
hydrocarbons This modem synthetic chemistry has 
almost entirely killed the growth of madder, and has 
adversely influenced the cultivation of indigo There 
are now signs, however, that there may be some reversion 
to the natural products 

Indigo — ^This is by far the most important vegetable 
dye-stuff The plant from which it is produced is a 
native of south-eastern Asia, where it is still grown in 
largest quantity It has been successfully grown in 
tropical Afnca, tropical America, and even in the 
regions to the south-east of the Caspian Sea The dye 
is obtained from all parts of the plant, which is cut down 
when flowenng begms The plants are soaked in watei 

^ As estimated by the Union of Silk Merchants in Lyon 
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and allowed to ferment for some time at about 85° F 
and the solid dye is obtained from the fermented liquid by 
evaporation Indigo is exported from India in the form 
of “ cakes ” The export from that country is greatest, 
followed by the Central American republics India 
produced 13,700 cwt in 1931, and 11,000 cwt in 1932 

The woad of the ancient Bntons produced a blue 
dye almost identical with indigo The cultivation of 
woad dechned when the route to India was opened up, 
though many attempts were made to encourage its 
growth by restnctmg the import of indigo 

Madder. — ^This plant was formerly grown in large 
quantities in Europe for the production of bnght red 
and yeUow dyes The dye-stufi present in extract of 
madder was prepared from anthracene, a cheap coal-tar 
product, in 1868 Since then the growth of madder 
has been on a very small scale, but as the vegetable 
dyes seem to be much more lasfang than the synthetic 
dyes, there is some tendency to revert to the use of 
madder Much of the ground formerly under madder 
has been devoted to sugar beet, the requisite conditions 
of climate and soil being about the same for the two 
plants 

Dye-woods. — ^These are obtained from the heart 
wood of certain trees growing chiefly in tropical 
countnes The wood is usually imported into and sold 
in mdustnal countnes in the form of " chips,” the dye 
being obtained by boding with water. Logwood is 
perhaps the most important It is grown in Honduras, 
Southern Mexico, and the West Indies Its dark-red 
wood yields an extract which is used in dyeing cotton, 
wool, hnen, and leather, giving blue, brown, or black 
according to the mordant used along with it Fustic 
chips come from a tree grown m Nicaragua (Central 
Amenca) , a yellow dye is obtained from it which is 
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frequently used m conjunction with other dyes to give 
various shades of brown and orange BraztUwood, a 
tree from Brazil, is now grown in other tropical lands, 
and yields a red dye A great many other plants 3neld 
dyes, but for a fuller treatment of the subject the reader 
must consult one of the manuals of dyeing Scores of 
\egetable dyes are used m India, Siam, Chma, and 
Japan, the very names of which are known only to the 
experts in the subject 

Tanning Materials — ^Most of these are products of 
the vegetable kmgdom Until quite recent years the 
only inorgamc tannmg matenal was common alum 
(potassium alummium sulphate), but within the last 
fifty 3^ears chromium salts have come into regular 
use, and " chrome-tanned " leather has now displaced 
vegetable-tanned leather to a very considerable extent 
Only the more important vegetable tanning matenals 
will be mentioned Oak-bark is the great tanning 
matenal of history, but larch-bark, and hemlock-spruce- 
bark are now senous competitors Acacta-bark is used 
m the Southern Hemisphere and is also imported to the 
industnal countnes of the Northern Hemisphere 

Extracts made by boihng oak-wood, chestnut-wood, 
hemlock-wood, and other woods under pressure with 
water, are now very widely used for quick tanmng 
These are all trees of temperate lands An extract 
known as quebracho is obtained from the wood of a 
tree growing in Chile and northern Argentina It has a 
high percentage of tanmns and is now very widely 
used for the tanmng of cheap leathers for vanous 
purposes Gambier is obtained as an extract from the 
leaves of a shrub growing m the Malay Penmsula, Java, 
Sumatra, and Borneo, and is chiefly exported to Western 
Europe and the United States from Singapore Like 
quebracho extract, it has a high tanmng value It 
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produces a very different leather from quebracho, how- 
ever Suviach IS a greenish yellow tanning material 
consistmg of the young twigs and leaves of a Sicilian 
shrub very finely ground This shrub grows well under 
the conditions of the dry Mediterranean summer, and it 
has now spread mto Timis and Algeria, as well as to 
South Afnca A very similar plant, Untisk^ of some- 
what infenor tanning value, is grown in Cyprus. It is 
often used to adulterate the more valuable and expensive 
sumach Genuine sumach produces soft hght-coloured 
leathers, and is much used in the tanning of goat and 
sheep-skins for special purposes, especially when bnght 
colours have to be afterwards used in dyeing the leathers 
It IS also used as a mordant in cotton and wool dyeing 
There seems no reason why sumach should not be freely 
grown in Australia and New Zealand, where it could 
be used for tanning some of the lamb and sheep skins 
so plentiful m those countnes 

VEGETABLE OILS AND FATS 

A large number of plants 5neld sufficient oil to pay 
for extracting In many cases the oil is extracted from 
the fruit or seed, but in some cases from the root Oil- 
)u elding plants are found m both tropical and temperate 
regions, but far more is obtained from vanous plants 
growing in the hot lands Oils and fats are extracted 
by pressure or by solvents from a great number of 
plants, some of which enter largely into export trade, 
while many have a more local and himted use The 
most important and widely-used are the following 
ohve oil, rape oil, ground-nut oil, cotton-seed oil, 
sesame oil, beech-nut oil, hnseed oil, hempseed od, 
castor oil, pahn oil, cocoa (cacao) butter, shea butter, 
coco-nut oil, palm-kernel oil 

Olive OiL — ^The distnbution of tlie ohve has already 
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been discussed The oil is expressed from the pericarp 
of the fruit, and the best kinds are used chiefly as a 
table-oil for cooking and preserving The oil from 
Lucca in Western Italy is especially preferred for that 
purpose Inferior kinds are used m soap-malong 
It IS now largely adulterated with ground-nut oil and 
rotton-seed oil Italy produced 18 million gallons of 
olu e oil m 1929 

Rape OiL — ^This is made from the seeds of different 
species of brassica, which are widely cultivated in 
Central Europe and in Northern India The seeds ol 
Brassica rapa peld the vanety known as colza oil 
Both kinds are used for hghtmg and lubncation 
Ground-Nut Oil is obtained from the nuts of arachis, 
the ground-nut plant The pods bury themselves in 
the ground to npen, hence the name ground-nuts It 
is a native of Western Afnca or the West Indies, and 
IS grown in both regions Bntish West Afnca exports 
large quantities, chiefly to Marseilles, where the oil is 
used instead of the more expensive olive oil The 
plant has been cultivated in India in recent years, and 
large quantities of the oil are now exported from there , 
o\er 3 million tons’ weight of ground-nuts m shell 
were produced m India in 1933 

Cotton Seed Oil — ^The distnbution of the cotton- 
plant has been discussed already The oil is expressed 
from the kernels of the seeds after removal from the 
“ shells ” The kernels are crushed between rollers 
to form cotton-seed meal This is then placed in 
woollen bags, and submitted to hydrauhc pressure at a 
temperature of about 100° C When the oil has been 
extracted from the seeds ^ there is left m the press a 
residue which is known as oil-cake, and which forms an 
excellent cattle food The oil is chiefly used for 
' The process is the same for many other oil seeds 

25 
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lubricating purposes and for soap-making, but con- 
siderable quantities of the refined oil are used to 
adulterate olive oil 

Sesame Oil or Gingelly Oil — ^The seeds of a plant 
Sesamum indxcum yield more than half their weight of 
oil It IS cultivated in Egypt, Asia Mmor, and India 
most largely, though it thrives m aU the warmer 
climates The oil is used for lighting, and as a table oil 
in the East India had 5,400,000 acres under sesamum 
in 1932 and produced 465,000 tons of sesame-oil seeds 
Beech-Nut OiL — ^This is obtained from the fruit of the 
beech m the south of France, in the southern Carpath- 
ians, and northern Balkan regiorts, where the beech 
abounds It is used for soap-malang, chiefly m France 
Linseed Oil — ^This is one of the most important of 
the oils It IS extracted from the crushed seeds of the 
flax plant, either by pressure while hot, or by such 
solvents as carbon-bisulphide or petroleum The 
crushed meal, after extraction of the oil, is an important 
cattle food Linseed oil is used most largely in the 
preparation of paints and varnishes, and in making oil- 
clotii and linoleum It is the best known of the diying 
oils , on exposure to the air it absorbs oxygen and 
becomes hard and dry It is also used for soap-making 
As was pointed out on page 378, flax grown in hot 
countries yields more oil than that grown in colder 
countries India produced 411,000 tons of hnseed in 
1932 Argentina now exports large quantities of hnseed, 
and a further supply is exported from Russia 

Hemp-Seed Oil is used for similar purposes, and is 
frequently used as an adulterant of hnseed oil 

Castor OiL — ^This oil is obtained from the seeds of 
the castor-oil plant, Rtctnus communis, which is prob- 
ably a native of tropical Africa It is now grown in 
many tropical lands, India and Southern China being 
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probably the largest producers The British supplies 
of the oil come mostly from Bengal It is used in 
medicine and for soap-makmg m western lands In 
Chma and India it is a table oil 
AH the oils mentioned above are liquid at ordinary 
temperatures There are, however, many vegetable 
oils which are solid at the same temperatures , these 
are generally known as vegetable fats or vegetable 
butters There is, of course, no real difference , it is 
simply that the meltmg-points of the solid group are 
higher than those of the liquid oils The vegetable oils 
or fats now to be discussed are solid at ordinary tem- 
peratures 

Cocoa {cacao) Butter — ^This is obtained from the 
seeds of the cocoa plant, Theohoma cacao It is a 
^^hltlsh or a yellowish semi-solid fat which is used in 
the manufacture of supenor soaps The distribution of 
the cocoa plant has been mentioned in Chapter XVII 
Shea-Butter — ^This is a yellowish fat or oil which is 
obtained from the seeds of several species of Bassia, a 
genus of tropical trees The chief regions are India 
and Central Africa The “ shea-tree,” or Bassta Paikii 
(from Mungo Park, the celebrated traveller), is a very 
important tree in the commerce of tropical Africa 
Coco-Nut Oil — ^This IS obtamed from the coco nut, 
the fruit of a species of palm which, as pomted out 
already, is grown widdy m the tropics The oil is 
got from the kernels, which are often dried and exported 
to the industrial countries under the name of copra 
This vegetable fat is widely used m soap-makmg, 
margarine-makmg, and for other purposes It is ex- 
ported from Madras and Ceylon m large quantities 
Palm OiL — ^This oil is obtamed from the fleshy outer 
covermg of the fruit of several species of Afncan palm 
trees The best known is the Gumea oil tree The oil 
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as it comes into commerce varies m consistency from 
soft butter to rather hard tallow It is used in soap 
and candle-makuig, m the tm-plate trade, and as a 
cart and carriage grease or lubricant West Africa is 
responsible for the largest supplies of this oil 

Palm-Kernel OiL — ^This od is extracted from the 
kernels of palm-fruits, chiefly by the use of carbon- 
bisulphide It IS quite diSerent from the oil obtained 
from the outer covenng of the fruit It is very similar 
to coco-nut oil in appearance, and is used for the same 
purpose, VIZ , soap-manufacture The kernels are 
chiefly exported from West Afnca 

GUMS, WAXES, ETC 

Resm IS the general name for a number of sub- 
stances which exude from the stems or branches of 
certain trees, and which have the same general pro- 
perties The best-known comes from the southern 
United States, where it is obtained from the “Southern 
Pine ” It IS the residue after the distillation of the 
oil of turpentine from the crude turpentine obtained 
trom those trees The United States is the chief ex- 
porter of both oil of turpentine and resin Resin is 
used in soap-making, m the preparation of varnishes, 
and in paper manufacture 

Kauri Gum is a resm obtained from a pine in New 
Zealand, or from deposits found in those parts of North 
Island which were formerly covered with forests of 
that pine 

Many gums or resins are obtained from trees which 
grow in and near the warm temperate and tropical 
deserts Frankincense, myrrh, gum benzoin, gum 
arable, gum acacia, gum tragacanth, and gum tragasol 
are among the best known 

Camphor — ^This is a crystalline substance obtained 
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from a tree growng m the monsoon lands of south- 
eastern Asia , It IS a native of China, Formosa, and 
Japan Camphor is found m all parts of the plant, 
but the greater part is extracted from the wood of the 
stem Borneo Camplioi is obtamed from the stem of a 
different tree which occurs m Borneo 
Eucalyptus Oil and Gum — ^These are obtained from 
trees which are natives of Australia and in the south- 
eastern parts of the Malay Archipelago The oil exists 
chiefi^’’ in the leaves , the gum or resin in the bark 
Eucalj^ptus oil IS now widely used m medicine Euca- 
lyptus trees have been planted in Corsica, Sardinia, 
and the marshy lowlands near Rome, as it is believed 
they Will counteract the malanal effects of the marshes 
It will be noticed that this is another example of the 
transference of trees from one region with a Mediterranean 
climate to another where the conditions are similar 
Eubber — This is the solidified juice obtained from a 
number of tropical trees AH the trees flounsh in the hot, 
w et forests and monsoon The trees are tapped and the 
juice which runs out is allowed to stand The separated 
creamy-like substance is then heated with a small 
percentage of sulphur This “vulcanised’’ rubber is 
then available for a variety of purposes in the arts and 
manufactures and m everyday life When the first 
edition of this book was written, wild ” rubber, gathered 
from the equatorial forests of the Amazon, the Congo, 
etc , was the leadmg source , now plantation rubber 
has outstnpped wild rubber completely The average 
production of rubber m the years 1930, 1931, 1932 
(in tons) was, approximately 
World production, plantation rubber — average 800,000 
tons, of which British Malaya produced 400,000 tons, 
the Dutch East Indies 260,000 tons, and Ceylon 60,000 
tons per year 
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World production, wild rubber — average, 32,000 tons, 
of which 24,000 tons came from Brazil 

Great Britain imported raw rubber to the value 
of ^^3, 000, 000 in 1933, and USA to the value of 
£12,000,000 France, Germany, Italy, Belgium, and 
J apan are also considerable importers of raw rubber 
Gufcta Percha and Jelutong are closely allied sub- 
stances used for the same purposes, and prepared in 
the same way They are obtamed from trees which are 
native in the Malay Peninsula, Java, and Sumatra 
Balata is a similar pseudo-rubber obtained from 
British Guiana, Venezuela, and northern Brazil 

TIMBER 

An enormous international trade is now done in 
timber, though it forms such a bulky commodity, and 
is consequently somewhat expensive to carry The 
different vegetation regions of the world yield their 
different timbers, those of the tropics bemg of different 
nature and being used for quite different purposes 
from those of colder regions 

Timber from Tropical Lands — Several hard woods, 
much in demand for furniture, are found in the hot, wet 
forests, and in the lighter summer ram and monsoon 
forests Mahogany belongs to tropical America, the 
chief supplies coming from Honduras, the lowlands of 
Mexico, Cuba, Hayti, and Jamaica Green-heart is an 
important timber from British Guiana Ebony wood 
is a hard, black wood obtained from trees grown chiefly 
in the forest of India Rosewood comes from trees 
found in the forests of Brazil Teak is a most valuable 
timber grown in India, Burma, and Java Rangoon is 
a great place of export Teak is a very hard wood, 
and it shows little tendency to " rust ” even when 
continually exposed to moisture 
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Timber from Warm Temperate Lands Several im- 
portant timber trees are grovm m the warm temperate 
regions, both those of the western or Mediterranean 
type and those of the eastern or dry wmter type In 
the Slediterranean region itself the walnut is an im- 
portant tree, especially m the Balkan countries Box- 
wood IS another important timber tree The cork oak 
grown m Spam, Corsica, and on the western slopes 
of the Atlas The famous Cedars of Lebanon are, 
of course, in lands of Mediterranean type, but they do 
not contnbute to the timber of commerce Both white 
cedar and red cedar are found in warm temperate 
lands, and in those which are transitional from warm 
temperate to tropical, such as the West Indies and 
Central Amenca The famous Gulf Pine ” of the 
Umted States is exported in large quantities from 
Louisiana, Flonda, and South Carolina The redwood 
and Douglas pines of California are also important 
timber trees From Australia there are obtained 
durable timbers such, as that from the jarrah, a gigantic 
species of eucal3q)tus, and the korri {katin), another 
species of the same genus Both furnish very hard 
timbers which are wdely used, they will even stand 
immersion m salt water, and are used for the budding 
of piers, etc The kaun pme of New Zealand is another 
important tree from these warm temperate lands 

Cool Temperate and Transitional Lands — ^There are 
two types of forests, which furnish hard woods and 
soft woods respectively The hard woods come from 
the deciduous forests The oak, vaneties of the elm, 
beech, and ash are among the most useful timber trees 
of the deciduous forests The more northern con- 
iferous forests have their counterpart in the hilly parts 
of the warm temperate lands From these come im- 
mense supplies of soft woods The white pine, hemlork 
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spruce, birch, and Scotch pine are among the famous 
timber trees of the cool temperate lands A vast 
lumbenng industry is carried on m the cool marginal 
lands Scandinavia, Russia, Eastern Canada, and 
Western Canada supply the largest quantities of timber 
together with the intenor forests of Central Europe 
(more especially the Carpathians), and the slopes of 
the Rocky Mountains The timber of the western 
marginal lands of south-western South America has 
not yet reached the European market in such large 
quantities as that from Scandinavia, Russia, anc! 
Eastern Canada The forest of Amuria and Kam- 
chatka are still practically untouched 

Materials for Paper-making, etc. — ^The immense quan- 
tities of paper needed in modern life demand a corre- 
spondingly large output of vegetable fibres from which 
the paper is made The chief materials are timber 
from cool temperate lands and grasses from warm 
temperate lands The woody fibre of spruce and 
pines IS ground down to a pulp (wood pulp) and ex- 
ported in the form of pressed sheets or boards , vast 
quantities of timber are indirectly used in this way 
Esparto grass from Spam, the similar alfa grass of 
Northern Africa, and the delta grass from the plains of 
Rumania are aU used in considerable quantities In 
China and Japan the inner bark of the mulberry tree is 
used, and the paper made is very strong 

Rayon or Artificial Silk. — ^The manufacture of this 
new textile fibre is mcreasmg year by year, and the 
amount now produced is estimated to provide about 3 
per cent of the world’s total textile fibres , to that 
extent it is partly replacing and also partly supple- 
menting the recognised fibres, cotton, wool, and flax 
It is made by complex chemical processes chiefly from 
wood pulp, that from spruce being the favourite form of 
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pulp , a proportion is also made from linters and other 
forms of cotton waste The leading world producer i^ 
USA, followed hy Japan, Great Britain, Italy, Ger 
man\ , France, Holland, Belgium, and Switzerland 
The names are in approximately the order of importance 
at the time of wTiting (1933), but that order is liable to 
change at any tune 
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GEOGRAPHICAL DISTRIBUTION OF ANIMALS: 
SOME ANIMAL PRODUCTS 

Animals are directly or indirectly dependent on vege 
tation, and the characters of the animals inhabiting a 
region are adaptations to the ph3^ical features and 
climate and the kind of plant -life found there There 
are, broadly speaking, four great regional types of land 
surface in this connection — ^forests, grasslands, deserts, 
and mountains, and in a bnef survey of the “ animal 
geography ” of the world these simple divisions may be 
taken as the basis of the study 

The present distribution of animals is not entirely 
accounted for by present environment , the migration 
of animals in the past, and consequently the distribution 
of land and sea in past geological ages, have exercised a 
directing influence on present faunas Thus Australasia 
contained very few of the higher orders of mammals 
when it first became known to the western world , 
probably the Australasian lands were separated from 
the rest of the land in the Mesozoic era, and very few 
migrations of the later-developed animals have reached 
it since that time South Amenca contains a peculiar 
animal assemblage which inhabits its very varied lands 
from the hot, wet selvas to the southern pampas of 
Argentina The development of animal life has long 
proceeded on lines of its own in that continent, with 
probably few migrations from other contments. 

The influence of man has already made itself very 
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widely felt , the herds of horses on the American grassy 
plains are the descendants of those introduced by the 
early explorers , on the other hand, man has very nearly 
exterminated the magnificent herds of bison which 
inhabited the praines of North Amenca only fifty years 
ago Man has introduced many animals which have 
become exceedingly plentiful , the horses of South 
Amenca, the rabbit of Australia, the wild pig of New 
Zealand, are conspicuous examples 
The full study of the geographical distnbution of 
animals, with the explanations drawn from the evolution 
of the present continents, including the adaptation of 
animals to their environment, and the study of the 
evolution and development of species, belong to Natural 
History, and especially to Zoology The chief animals 
of the different regional types will be bnefly studied here,, 
more especially those which are useful to man 
Animals of the Ectuatorial and Tropical Forest — -The 
animals which inhabit the equatorial forests show m a 
remarkable degree adaptation to the special conditions 
These special conditions include abundant food all the 
year round, with fruits ripening at all times of the year 
no special seasonal differences of temperature are experi- 
enced The luxuriant undergrowth of the hot , wet forests 
IS another of the special conditions There are conse 
quently many animals which never descend to the 
ground, and they are specially adapted to their arboreal 
life The somewhat more open forests of the hot 
monsoon regions and of the tropical summer rams have 
more large animals which are ground dwellers, and they 
have also many ** flying” animals Among the larger 
carnivorous animals are the tiger, the leopard, and 
the South American jaguar South America has many 
species of sloths and tapirs The tapirs of the Malay 
Archipelago are forest- dwellers Elephants are found m 
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the forests of Afnca and the forests of the monsoon region 
of Asia The rhinoceros and hippopotamus are other 
mammals from the very extensive list of tropical faunas 
Lastly, the crocodiles and their allies may be mentioned, 
with the pythons and boas, and the great anaconda of the 
Amazonian forests 

The anthropoid or man-like apes are all dwellers in 
the tropical forests There are at least four species the 
gorilla in the forests of West Afnca, the chimpanzee in 
those of West and Central Africa, the ourang-outang of 
Borneo and the adjacent islands, and the gibbons of 
the mainland of South-East Asia They live chiefly on 
fruits, eggs, and young birds 

It will be seen that the number of useful animals is 
not great , the elephants, of course, must be reckoned, 
but they are savana animals as weU as inhabitants of 
the dense jungle 

Birds are very abundant and exceedingly varied 
The gorgeous birds of paradise inhabit the forests of 
New Guinea and neighbounng lands , the bright-coloured 
macaws live in the South American forests , the crested 
cockatoos inhabit the north Australian tropical forests , 
and most of the parrots are tropical The brilhantly 
coloured humming-birds of South Amenca are repre- 
sented in all museum collections 

Animals of the Tropical Savana and adjacent Deserts 
— ^The conditions are clearly quite difierent when we 
pass to those tropical regions which have a low rainfall 
The savana passes into the caatinga and then into the 
desert usually so gradually that m this connection they 
may be grouped together It is well to remember that 
the period of greatest growth follows or accompanies 
the rainy season (which may be short and irregular) 
In the long dry season plant-growth is almost sus- 
pended Hence the animals are such as can move 
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freely, are often fleet of foot, and they are frequently 
migratory 

The lion is an animal of this region in Afnca and 
Asia, its uniform colounng adapting it to parched and 
brown savana grasses and to desert rocks and sands 
The hyaena is a smaller carnivore of the savana The 
Cape hunting dog is a hyaena-like animal which hunts 
m packs, and preys upon the wild hoofed-animals, and 
the flocks and herds kept by man 

The ungulates or hoofed animals are the most stnking 
of the animals of the savana, especially of the Afncan 
savana The antelopes are very vaned and exceedingly 
numerous in individuals The girafie is a beautiful 
example of adaptation , its long neck and fore limbs- 
are obviously adapted to its habit of browsing upon the 
leaves of acacias and other savana trees It can only 
dnnk wth difficulty and it can apparently go for 
months without drinking It is capable of very great 
speed to enable it to escape the attacks of its enemies, 
the carnivores The wild ass and the zebra occur 
mainly m the region transitional from the tropical to- 
the warm temperate The camel is the highly specialised 
desert animal and is also transitional in type 

Among the animals of the savana, the running birds 
show special adaptations to the conditions The ostnch 
is the best example, found m Afnca, Arabia, and Meso- 
potamia Its long legs and neck enable it to see great 
distances , the long legs, and the reduction of the number 
of toes to two, enable it to run with great speed Like 
the giraffe it can endure for a long time without water 
The emu of Australasia is also a savana bird, feeding on 
the grass of the plains 

Animals of Warm Temperate Regions — ^These regions 
are transitional between the tropical and the cold 
temperate and have no highly specialised assemblage of 
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animals It happens that many of the lands in this 
climatic zone are either mountainous or plateau, and 
there is consequently a considerable development of 
mountain faunas of different types So far as animals 
of economic importance are concerned it is especially the 
zone of sheep and goats rather than of cattle, especially 
in the Western Marginal or Mediterranean lands 
Sheep and goats can browse on the dned and sparse 
grass, or on the bushes which can resist the dry summer, 
but cattle fare much worse under these conditions 
The eastern marginal lands have more cattle, either the 
different breeds of the common or domestic ox, or the 
eastern zebus or buffaloes which are characteristic of the 
tropical as weU as the warm temperate zones There 
are several species of goats found in the warm temperate 
zone, more especially in the drier Mediterranean lands, 
from which they have been acclimatised in similar 
regions in Africa and Amenca For example, the mohaii 
goat of Asia Minor does well on the plateaux of South 
Afnca, ]ust as the Spanish merino sheep thrives well in 
Australia The horse, the ass, and the wild ass are other 
animals which are either native or do well in the warm 
temperate lands, the wild ass being a charactenstic animal 
of the drier Old World lands of this type This zone 
shares with the drier tropical lands the camel and 
dromedary as beasts of burden 

Ammals of the Cool Temperate Zone — ^The three 
chief vegetative types may be considered The taiga, 
the deciduous forest, and the steppe or praine, the 
latter two overlapping into the warm temperate zone 
The animals of the taiga or coniferous forest may be 
dealt with first There are two broad groups of such 
animals those which are structurally adapted for 
forest life, such as the squirrel and the lynx , and those 
which roam over the praine but visit the forest for 
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shelter or food, of these, the fox and the wolf are 
examples 

The important animals of the taiga belong either tc 
the ungulates or hoofed animals, the rodents or gnawers, 
or the carnivores The ungulates include the wild 
boar and many vaneties of deer The rodents include 
squirrels, the beaver, rabbits, and the Canadian por- 
cupine The carnivores are chiefly bears, lynxes, the 
wild cat, and members of the weasel family 

The deciduous forest is the home of similar animals to 
those of the coniferous forest , sqmrrels, beavers, wild 
boars, and bears making their homes there The wild 
boar of the deciduous forests of Europe still flourishes 

The steppe or prairie is inhabited by special types 
of animals adapted to the physical conditions The 
climate is continental in character, that is, with wide 
ranges of temperature and a low rainfall, and the 
great plains are often swept by violent storms The 
rains generally fall in spnng and summer and there is a 
wonderful gro\vth of the praine plants at this time If 
the ram fails there is corresponding scarcity There 
may thus be frequent alternations of plenty and famine, 
and the animals are migratory and social in consequence 
The praine animals must also be swift of foot so as to 
migrate quickly from one region of plenty to another 

Antelopes and gazelles are among the most numerous 
of the steppe animals In the steppes of western Asia 
the Taiga antelope occurs in thousands , and P 
Kropotkin quotes countless herds of antelopes in the 
eastern higher steppes Horses are typical steppe 
animals, no less than three species being native to the 
Asiatic steppes The praine and steppe -extend into the 
warm temperate zone, as has been already pointed out, 
and the horse as well as the camel overlap considerably 
the two sub-zones The great herds of horses on the 
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pampas of South Amenca and the plains of North 
Amenca are the descendants of horses introduced by 
the earlier conquerors of the continent. The bison 
takes the place in the New World of the antelope or horse 
of the Old World, and was originally exceedingly 
plentiful It has been calculated 'that there were 
between seven and eight millions in two vast herds, a 
northern and southern, in the great plains in 1871 
Now there are a few thousands, specially protected, in 
the natural parks 

The sheep is naturally more of a mountain animal, 
but it thnves well on the grassy prairies, and the vast 
flocks of Argentina and of the Darling Downs of Australia 
show how well it is adapted to the plains 

The plains mentioned are in the warm temperate 
zone, but the sheep ranges into cool temperate plains 
in Sibena and Canada, and to the drier and less fertile 
plains of Europe 

The wolf IS almost ubiquitous in temperate regions, 
but it IS more especially a steppe animal As is well 
known, it hunts in packs, preying upon the numerous 
ungulates and rodents of the great plains 

Animals especially adapted to Life on the Mountains 
— Mountains usually show three fairly well-defined 
zones of altitude as regards their vegetation The 
lowest is the forest zone, the nature of which depends 
upon the latitude of the mountains In the tropics 
the lowest parts are clothed with equatorial forest , in 
the temperate lands the lower slopes may be rich in 
deciduous forests In any case conifers predominate in 
the highest forest zone Above the belt of comfers comes 
a treeless zone, with practically the character of a steppe ; 
and last of all, if the mountains are sufficiently high, 
comes the Alpine zone, with tundra vegetation There 
are some interesting modifications in the nature of 
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these vegetation zones, which influence the special 
fauna For example, in tropical Afnca the steppe 
zone IS extremely dry, and becomes practically a semi- 
desert belt In plateau regions the steppe conditions 
may extend over a very wde area, as in the plateaux 
of Asia, and the lesser Meseta of Spain for example 
If the plateaux are very high then tundra conditions 
hold, as m part of the vast elevated plateau of Tibet 
The special features of the fauna of mountains are 
the paucity of carnivores and the nchness m ungulates 
Probably the two are correlated The ungulates are 
as a rule obviously well adapted to mountain conditions , 
they have great agihty, are small footed, and have 
special protections against cold Sheep and goats are 
perhaps the most typical mountain forms, just as 
antelopes are t3rpical of the steppe and savana Goats 
can thrive m dner and more barren regions than sheep, 
as they do not hesitate to eat even the spiny or hard- 
leaved plants of the high plains They can also climb 
and leap among the rocks with great ease 
There are several wild sheep '' among the mountain 
regions of the northern continents *lhe bighorn of 
the Rocky Mountains and the Pacific coast mountains 
ranges from northern Mexico to Alaska , its vertical 
range is so great that it is known on the lower walls 
of the Grand Canon of Colorado, and in the Sierra 
Nevada and Cascade Mountains it lives at elevations of 
over 10,000 feet Its name indicates the unusual size 
of its horns, which are used m fighting It is a splendid 
mountaineer, and can leap from crag to crag with 
remarkable agility Its feet have a rubber-like pad 
beneath the sharp pointed hoofs to enable it to get 
foothold even on smoothly glaciated rock-surfaces 
There is a very closely related species m Alaska, 
the Alaskan wild sheep, and both are so similar in 
26 
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ground canbou, which occurs in large herds on the 
treeless plains to the west of Hudson Bay It migrates 
southward to the edge of the forest There is another 
allied species in Amenca which has taken to the forest, 
and IS hence known as the woodland canbou The 
true reindeer of the Old World has been introduced 
into Alaska by the United States Government, and 
under the care of herds-men from Lapland the animals 
are doing weU 

The musk ox is another ungulate of the tundra, 
and of the northern edge of the taiga, but it is limited 
to the New World Its distnbution is not known 
with certainty, but it seems to be absent from Alaska, 
and plentiful m northern Greenland It combines 
some of the characters of sheep, goats, and the ox, and 
is peculiarly adapted to the extreme cold It is probably 
the hardiest of all herbivores 

The presence of these large herbivores attracts the 
carnivores, which are, however, less highly specialised 
and may be regarded more as intruders from other 
regions The wolf occurs m both Arctic Eurasia and 
Arctic Amenca, both in the tundra lands and in the 
Arctic higher-lands The Arctic fox is more thoroughly 
Arctic, and is widely distnbuted in both the Old and 
the New World 

The polar bear haunts the margin of the sea Its 
large size, and its white or yellowish white colour, dis- 
tinguish it sharply from other bears It lives on the 
seal and walrus, and haunts the drift and floe ice in 
search of its prey It seldom penetrates far inland 

Animals from an Economic Point of View 

A comparatively small number of animals are very 
important economically, and this aspect of the subject 
may be briefly treated here The chief animals whose 
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products enter into commerce are cattle (m the wide 
sense), sheep, goats, camels, the reindeer, and the horse 
Cattle are associated with civilised man almost every- 
where, but there are mteresting differences and limita- 
tions The Chinese keep few cattle except for draught 
purposes, as with their teemmg population the land is 
considered too valuable for grazing The number of 
cattle in the Mediterranean countries is m sharp con 
trast vnth the number in countries like Denmark The 
follomng table, givmg the approximate numbers of 
sheep, cattle, and goats m four European countries, is 
instructive 



Cattle 

Sheep 

Goats 

Spam, 195 000 

3 Soo,ooo 

20 000 0000 

4,700 000 

sq miles 

(19 5 per sq 
mile ) 

(102 per sq 
mile ) 

(24 per sq 
mile ) 

Greece, 49 900 

QOO,000 

6 920 000 

4,900 000 

sq miles 

(18 per sq 
mile ) 

(139 persq 
mile ) 

(100 per sq 
mile ) 

Denmark, 16 600 

3 000 000 

730 000 

Goats not suffi- 

sq miles 1 

(iSo per sq 
mile ) I 

(41 per sq 
mile ) 

ciently im- 
portant to be 
enumerated 

British Isles, 

12 000,000 

28,000 000 

Goats not enum- 

121 000 sq 

miles 

(99 2 per sq 
mile ) 

(231 persq 
mile ) 

erated 


The comparison of 19 5 and 18 cattle per square 
mile m the Mediterranean countries, with 180 and 
99 2 per square mile m the Western Margmal lands, is 
an illustration of the difference of climatic conditions 
Milk, butter, and cheese have not assumed the import- 
ance in the IMediterranean lands that they have in 
north-western Europe 

How v^idely spread domestic cattle have now become, 
and how well adaptable they have proved to varymg 
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conditions, may be seen from the fact that they are 
reared m large quantities under such different conditions 
as obtain in Denmark and Egypt, the Siberian plains 
and the plains of Australia New Zealand butter now 
competes with Danish butter in the British markets, and 
both Russia and Australia are now contnbutors to the 
British supply Cattle may be successfully reared on 
the high Afncan savana, and on the savana of the East 
Brazilian highlands The chief cattle-rearing regions 
of the world are India, United States and Canada 
Russia (European and Asiatic), Argentina, Germany, 
France, Hungary, the United Kingdom, Denmark, 
and Southern Sweden The north-west of India from 
Cutch through the Punjab to Kashmir is a great cattle 
region, the animals being used as beasts of burden, 
and the hides forming one of the staple exports of that 
part of India One million pounds’ worth of hides 
and skins were exported from India to Great Britain 
in 1928 The great exporters of live cattle and of 
carcasses or prepared meat foods are the United States _ 
Canada, Argentina, and Australia 

The Sheep is the most numerous of the domesticated 
animals It thrives under a great variety of con- 
ditions of chmate and food-supply, and can be reared 
in lands which are not suited to cattle The four 
products which sheep 5nields to man are all of great 
importance, though wool has often been considered as 
the pnmary object of sheep-reanng But in modern 
times, mutton, tallow, and sheep-skins contribute a 
very important share to the wealth of sheep-rearing 
countnes 

The effects of selection and of careful crossing of 
breeds are well seen in the increased yield of excellent 
mutton and other products from such sheep as those 
of New Zealand and Australia The Merino sheep was 
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developed m the Mediterranean countries, vhere the 
dry climate of the summer was peculiarly suited to it 
It was introduced into Australia about the end of the 
eighteenth century, and m New South Wales and 
\hctoria sheep of the ^lerino breed produce an excellent 
wool, unrivalled for softness and lustre, and of long 
staple Mermo sheep, however, yield indifferent mutton 
and quite second-rate skins , hence crossing with English 
breeds has been resorted to, especially in New Zealand 
\ good wool, ynih excellent mutton, rich yields ol 
tallow, and some of the finest sheep-skins in the world for 
the light-leather tanner are now produced from the New 
Zealand cross-bred sheep That dominion had 4,000,000 
cattle and 29,000,000 sheep m 1932, and exported wool to 
the \alue of ;f6,ooo,ooo, and frozen meat to the value 
of £9,000,000 in 1931 

The great wool-producing regions of the world are 
shown m the following table 

Approximate total wool produced by the world m an 
average year. 


3000 to 3500 million lb 
Australasia 870,000,000 lb 

Argentina 355, 000, 000 lb 

United States . 350,000,000 lb 

Russia 330,000,000 lb 

South Africa . 260,000,000 lb 

New Zealand . 220,000,000 lb 

United Kingdom 128,000,000 lb 

Uruguay 125 ,000 ,000 lb 


Goats have already’' been mentioned as being adapted 
to a drier climate They can browse where even sheep 
find it difficult to get sufficient food, and are not even 
pre\ented by the resinous coatings of the leaves and 
the spines of the Mediterranean trees Generally 
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speaking, the climate of the Mediterranean regions is 
drier farther east, and the relative importance of the 
goat increases From the table on p 405 it will be 
seen that Spam has four times as many sheep as goats, 
but Greece has only times as many , and it is probable 
that if statistics were available for Asia Minor the goats 
would far outnumber the sheep The plateau steppes 
of Asia Minor are the native home of the Angora goat, 
the wool of which, known as mohair, is highly pnzed 
for its length, fineness, and silky appearance Angora 
province alone is said to have more than a million 
goats This 15 the breed which has been introduced 
into South Afnca, and the mohair of Cape Colony is now 
a regular and important export, and threatens to com- 
pete senously with that of Asia Minor 

Farther east among the mountains of Armenia and 
in Persia and Afghanistan the goat is the most important 
domestic animal, both for its wool and its milk The 
skins oi Persian goats are highly prized in the leather 
industry, and some of the best glacd kid is chrome-tanned 
Persian goat-skin The Kashmir goat of the upland 
valleys and enclosed plateaux of the Karakorum and 
North-West Himalaya is well known, and yields the 
bulk of the wool from which the famous Kashmir 
shawls are made Goat-skins are tanned in India and 
exported in large quantities It may be mentioned 
that both sheep and goats are used to some extent as 
beasts of burden among the highlands of Central Asia 
The Pig may be bnefly mentioned, confining our- 
selves to the domestic pig, which is probably a 
descendant of the wild boar of Europe, North Africa, 
and Central and Southern Asia Its usefulness to 
man, and its wide range, need no comment Iij 
China the pig is by far the commonest ungulate 
reared, and the large black Chinese pig is found 
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everywhere In Central and South-Eastern Europe 
It IS estimated there are over 36 million pigs In the 
woods of Serbia and Bosnia they feed on the acorns 
and beech nuts of the vast forests In Western and 
North-Western Germany the pig is of special import- 
ance, especiali}^' on peasant farms and small holdings 
Westphalian hams are well know German}'’ had 
about 22 milhon pigs on an average from 1930-32 
In the Biitish Isles, perhaps more especially in Ireland, 
the fattening of pigs helps in the upkeep of many a 
small farm The number of pigs for the four years, 1929- 
1932, averaged roughly 4,000,000, that of Ireland being 
a httle over a miUion (See also the table on p 405, 
Cattle and Sheep, etc ) On the prairies south of the 
Great Lakes of North America pigs are fattened on 
maize, and \ anous products are prepared and exported 
from Chicago, Cincinnati, and other towns in that 
region The United States had, on an average, about 
54,000,000 pigs in the last four years Pig-rearing has 
not reached such great importance in Argentina, as the 
foUowang number of domestic animals in 1930 census 
j^'ear viU show Cattle, 32,000,000 , horses, 9,800,000 , 
sheep, 44,000,000 , pigs, 3,700,000 
The Horse is the most widely used beast of burden 
in all the countries of Western Europe and m those 
lands the civilisation of which is derived from Western 
Europe Its native home seems to have been the 
steppes north of Persia and the plateaux of Central 
Asia, it was probably first made subservient to man 
there, and its use afterivards spread to the Semitic 
people of Arabia and Egypt about three thousand 
years b c The wild horses of America, so very 
numerous on the pampas of the south, are descendants 
of those mtroduced by the Spanish and Portuguese 
An earlier horse which had mhabited America had 
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become evtmct befoie the discovery of the continent 
by Europeans 

The Camel is especially the beast of burden of the 
hot deserts and the deserts of the warm temperate 
region there are two species of camels j^roper in the 
Old World, the Bactrian camel with two humps, a 
native of the same legion as the horse, and the Arabian 
camel with one hump It is this species that is par- 
ticularly the “ ship of the desert ” The camel is 
remarkable not only as a beast of burden, but its milk 
and flesh are both used The Arab also weaves much 
of his clothing and the material for his tents from its 
hair 

The camels of the New Woild have already been 
mentioned (p 402) The wool of the alpaca was 
brought into prominence in England by Sir Titus Salt, 
and the big mills at Saltaire and others m the neigh- 
bourhood of Bradford are still connected with the 
manufacture of alpaca goods 

The Reindeer is to the men of the cold deserts what 
the camel is to the men of the warm deserts it is their 
beast of burden , they use its milk and its flesh for food , 
and Its hide, its hoofs, and its horns all minister to their 
varied wants 
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SECTION D 
HUIVIAN GEOGRAPHY 

CHAPTER VX 
M\N ON THE EAR^H 

The antiquity of man is still a matter of considerable 

difference of opinion Some authorities hold that he 

\\as m existence during the later Pliocene, and he cer 

tainlj^ seems to have been very widespread m the early 

Pleistocene His precise origin is still somewhat 

obscure, though it is pretty certain that he descended 

from some ape-lil^e ancestor He did not descend from 

any of the four man-like apes m existence to-day, nor 

probabh from any animal quite like them It is more 

probable that he and they are descendants of some 

common ancestor of Miocene times Again, it is very 

likel} that modem man is only one of several branches 

from the common ancestry, some proto-men having 

become extinct during the long period of evolution 

It vould be very interesting if we could trace all 

the varieties or races of modern men from the 

ancestors of early Pleistocene time, but that is not 

yet possible There is stiU a great deal of doubt 

and obscurity about the precise relationship of the 

men or proto-men of the earliest times The remams 

of early man are so fragmentary and have come from 

such different regions, that it is not only difficult to 

correlate the deposits in which they occur, but it is 

difficult to mdicate the relationship of the possibly 
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different types of men We have, therefore, to take 
modern man as we find him, and the vaneties or races 
commonly accepted are founded on the characters of man 
as he IS to-day, and have no true evolutionary basis 
Our knowledge of early man is chiefly derived (a) from 
his actual remains , (6) from his weapons and imple- 
ments , (c) from a study of rock-shelters, pile-dwellings, 
mural decorations, " latchen-middings,” and some of 
his burial places Amongst the more famous finds of 
the remains of man, perhaps four stand out as most 
important There is a skull in the Provincial Museum 
at Bonn which was found m a loam in the Neanderthal 
through which flows the little river Dussel The Nean- 
derthal skull was studied by Huxley, and has become 
one of the most famous of the remains of early man 
It IS distinctly human in character, but of a low grade, 
and IS regarded as being nearer to modern man than 
to any of the man-hke apes In the loess deposits of 
the Neckar Valley, east of Heidelberg, a human jaw 
was found, which is now in the University Museum at 
Heidelberg This early Pleistocene relic also indicates 
a man of a more lowly t3^e than most of the modern 
savages In far-away Java a skull and some bones 
were found in 1892 in strata which were at first thought 
to be Phocene in age, but which are now regarded as 
Pleistocene This was named Ptthecanihropiis erectus, 
that IS, ape-like erect man, and certainly indicates a 
low-grade proto-man, but still more man than ape 
About twenty years ago Mr Dawson found a skull and 
part of a jaw in some gravels of the Ouse, at Piltdown, 
in Sussex, and these have been studied and described 
by Sir A S Woodward and Mr Dawson They are 
regarded as remains of a proto-man or very primitive 
man, more lowly in type than any savages of to-day 
There are many more skulls and odd bones which have 
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been found, chiefly in Europe, where of course there 
has been the most thorough study of likely localities 
In addition to the actual remains, the weapons and 
implements of men are found almost all over the north 
temperate and most of the torrid zone These are made 
of flint and other hard stone, and were fashioned by 
early man by knocking one stone with another, and so 
chipping them until they were of the desired shape 
Fine collections may now be seen in most museums 
In the earlier stages of man's evolution they were very 
rudely fashioned, but gradually improvement took 
place, certainly more quickly in some regions than in 
others, and in time smooth, well-made weapons became 
very common The ruder implements are charactenstic 
of the Palaeolithic Penod (that is, the older stone age), 
the more perfectly made ones belong to the Neolithic 
Penod (the newer stone age) There is of course no 
hard-and-fast line between the two periods, except m 
so far as students make an arbitrary division in any 
one distnct, and the transition from one to the other 
took place much earlier m some regions than m others 
It IS not possible to distinguish absolutely the weapons 
and tools of the one penod from those of the other 
Palaeolithic man had certainly learned to grind his 
stones, and had anticipated some of the arts of Neo* 
lithic times All this, which would appear to follow 
from first pnnciples, is fully home out by extended 
observation and study Neolithic man was, of course, 
a great advance on Palaeolithic man in general , he had 
better weapons and tools, he had acquired some control 
over fire, and he had begun to bury his dead 
In north-western Europe, Palaeolithic man was 
certainly a contemporary of the glacial penod , he was 
almost certainly pre-glacial How far his migrations 
were influenced by the fluctuations of the ice it is 
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difficult to say. The glacialists are still far from agreed 
as to the number of interglacial penods (of milder con- 
ditions) that there may have been. Penck recognises 
five in the Alps , the late James Geikie claimed as many 
as eight , some of the Amencans believe in three , and 
Lamplugh and Kendall, well-known English authonties, 
have argued for an undivided glacial period in Britain 
at least It may be remarked that there seems to be no 
reason why great fluctuations should not have occurred, 
say, in the Alps, while the ice maintained itself on 
the whole of Northern Britain It does not seem 
necessary to demand the same divisions of the ice age 
for all parts of the Northern Hemisphere 

Whatever was the precise relation of man to the 
glacial period, he was a contemporary of the mammoth, 
the cave bear, the Irish elk, and other extinct animals 
He lived in North-West Europe when Bntain was stiU 
a part of the Continent, and when the Rhine flowed 
over the North Sea plains Originating possibly in 
Indo-Malaysia, he spread to the rest of Asia, with which 
the land was then connected, and then to Northern 
Africa 

From there he passed to Europe by the two land 
connections then existing, Morocco-Spam, and Tunis- 
Italy, and established himself throughout the early 
Europe After very long years Palseolithic man was 
replaced by Neolithic man, whether by conquest or 
by extermination and replacement is not known After 
the first settlements of Neolithic man there began 
the long rise in the knowledge of arts and of pheno- 
mena which IS the measure of human evolution The 
North Temperate zone between the tropic and about 
latitude 55° was most favourable, and there he gradually 
reached his highest physical and mental development 
Primitive man of the tropics lagged behind, and the 
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peninsulas and islands of the Southern Hemisphere 
were too restncted to allow of great areas of different 
rates of development, that is of specialisation 

The Neolithic age gradually passed into the age of 
metals, first of copper or bronze, then of iron These 
persisted for a long time, man slowly developing his 
powers of expression, first using mere picture-graphs, 
then conventional signs or ideographs, until phonetic 
signs led up to alphabets, and the histone age was 
fully established, which will persist through all future 
time With the dawn of history we find the great 
races of mankind fully estabhshed, and it is difficult to 
establish an unmistakable connection between the 
vanous men of Neolithic times and modem races, much 
more difficult again to work out the relation between 
Paleolithic men and any races of to-day 

It IS supposed that the Tasmanian natives, the last 
of whom died in 1877, represented most nearly Pal^o- 
hthic man in build and manner of life They had been 
dnven from Australia by the present abongmes, a race 
supenor to them m intelhgence They were hunters , 
their weapons whereof stone or wood, they wore no 
clothes and had no houses , and they wandered about 
111 search of food, and sheltered themselves from the 
winds by rude screens made of bark The Bushmen 
of South Africa are apparently very similar to other 
t3^es of Palseolithic men, and in particular made the 
same kind of mural drawings Some of the later 
Palreohthic men were very much like the modern 
Eskimo 

These Palaeolithic men left their remains and weapons 
all over temperate Europe, but they died out or were 
exterminated, and the pastoral Neohthic folk took 
their places But even the relations of Neolithic man 
to the present race are not always clear, and we must 



4i8 human geography 

therefore briefly study the distribution of the present 
races of men as we find them, independently of any 
history 

Four chief races are recognized, with many sub- 
varieties and groups of mixed origin These may have 
developed m the later Neolithic and bronze periods, when 
it is thought the general typical characteristics became 
somewhat settled The four commonly accepted races 
are (i) the Ethiopic or Negro, (2) the Mongolian or 
yellow , (3) the American or bronze , (4) the Caucasian 
or white 

The Ethiopic or negro onginally inhabited Africa 
south of the great deserts,and Madagascar, also Malaysia, 
the Philippines, New Guinea, and Australasia In 
modern times this race has spread somewhat over 
Northern Africa, and has been transplanted (chiefly 
as slaves originally) to the Southern United States, 
the West Indies, Central America, the Guianas, and the 
coastlands of Brazil 

In this race the head is long, the nose broad and 
flat, the lips thick and everted, the eyes large, round, 
and prominent, the hair short, black, and woolly It is 
estimated that there are nearly 30,000,000 negroes in the 
New World, of whom about 10,000,000 are m U S A 
Education is making rapid progress among them, and 
many negroes now fill responsible positions in the United 
States, in the Bntish dominions, and m Latin America 

The Mongolian or yellow races originally came from 
the vast plateaux north of the Himalaya They have 
spread into Indo-China, Malaysia, Chma, Japan, Turke- 
stan, Asia-Minor, Turkey, and Hungary , they have 
relatively short heads, and very small concave noses, thm 
lips, small oblique black eyes, and long, coarse, black 
hair They are mostly Buddhists or Mohammedans 
The Eskimos are considered by some to be an early 
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branch of the Mongoloid stem, somewhat akm to the 
Amerindians 

The Amencan or bronze race ongmated m the New 
World, to which they are still confined, possibly having 
been an offshoot from the Mongolian race They have 
diminished in numbers very greatly since the fifteenth 
centur}^ They are being '^preserved" in certain reserves 
in the Umted States and Canada In South Amenca 
many tnbes are still independent The men of this 
race are impassive and wary, their religion is nature 
\\ orship or some form of pol5^heism 

The so called Caucasian or white race seems to have 
originated in Northern Afnca or Western Asia and to 
ha\ e spread in early times all round the Mediterranean 
Sea , then it spread over Europe and into Persia and 
India In quite modern times the race has peopled 
much of North and South Amenca, South Afnca, 
Australia, and New Zealand 

Tho Peoples of Europe — ^This continent is mhabited 
chiefly by “Caucasian” people, the exceptions are 
the Turks, Bulgars, Hungarians, Lapps, and Finns, 
\>ho are ]\Iongolian people Modem study recognises 
three divisions which do not correspond with languages 
The first, and probably the oldest, “race” is the 
Alediterranean This race came from North Africa, 
probabl}^ m Neolithic times, and the ancient Egyptians 
and the modern Berbers are African branches of the 
race 

Other branches of this race invaded Europe across 
the three routes where the sea is most easily crossed 
The Ibenans crossed by the Straits of Gibraltar and 
occupied the penmsula The Ligurians crossed over 
Sicilj and occupied almost the w^hole of Italy They 
passed along the coast until they came into conflict 
wath the Ibenans in the south of France The Pelasgians# 
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the third group, came across the eastern Mediterranean 
and reached Greece and the islands Mediterranean 
Man established himself round the great inland sea, 
probably displacing earlier races of PalcEolithic or early 
Neolithic types He became thoroughly adapted to the 
environment of hot, dry summers , and his adaptation 
has enabled him not only to retain nearly all his early 
conquests, but also to extend north-westward along 
the Atlantic seaboard until he had peopled France and 
most of the British Isles This race includes the 
Romance - speaking and Celtic - speaking peoples of 
South-Eastern and Western Europe 

Possibly from Mediterranean man, and perhaps in 
later Neolithic times, there developed an offshoot 
adapted to the forest lands of Central and North-Western 
Europe This is Nordic Man, a race tall in stature, 
with fair hair, blue eyes, and light complexion, in 
contrast with the lower stature, dark hair, and dark 
eyes of klediterranean man It has been suggested 
that Nordic man originated as such in Scandinavia , that 
IS, Scandinavia in the wider sense, including Denmark 
This race was as perfectly adapted to the moister con 
ditions, to the deciduous forests, coniferous forests and 
marshes as klediterranean man was to the dry summers 
and irrigated alluvial plains of his region This northern 
and north-western race is like the Mediterranean race 
in having a relatively long skull — a most important 
similanty, and one which divides him sharply from the 
next race to be considered 

Alpine Man — Mediterranean man belongs, broadlj' 
speaking, to the peninsulas and islands of Southern and 
Western Europe , Nordic man belongs to the lower 
hills and the plains of Northern Europe and the northern 
peninsulas and islands In Middle Europe is the great 
wedge of newer mountains, of which the Alps are the 
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culmination Into this region came a great intrusion 
from the East, a race of man from the great Eurasian 
plains, probably from beyond the Urals and the Caspian 
The men of this race were broad-slniUed, or round-skulled 
as some wTiters say, and of intermediate colounng 
The broad-heaaed men seem to have pushed themselves 
nght across Europe to the Pyrenees The race pene- 
trated to Bntain, if the e'^udence of bronze implements 
and of their peculiar barrows (bunal mounds) may be 
trusted Broad-headed skulls are comparative^ rare 
among the modern Bntish population, and it is believed 
that Alpine man was only present for a time as a ruling 
caste in Britain, to be ultimately absorbed in the general 
population 

Alpine man, as represented by the broad-skuIIed 
elements in the population, now extends from Belgium 
across southern Germany to Austna and Russia He 
also inhabits the Alps and the adjacent highlands of 
the northern Balkans He was essentially a pastoral 
man, of nomadic habits, which he had acquired by long 
adjustment to the environment of the steppes Except 
that he has adapted his pastoral habits to the Alps, 
and modified his nomadic habits to suit his herdsman’s 
life there, the name Alpine is not a very happy one 
Eurasian is better, and some wnters have used Celto- 
Slavic The old name Slavonic is obviously included in 
this more modem race-name 

We have thus a picture of Europe inhabited mamly 
by three vaneties of the Caucasian race, Mediterranean, 
Nordic, and Alpine, with intrusions of Mongolians in 
Turkey, Bulgana, Hungary, and Finland If this 
modem reading is correct, it is obvious that the con- 
nection between race and language is only slender and 
uncertain, and that it cuts across nationahty in many 
directions The Bntish Isles may be taken as lUustrat- 
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ing one of the peculiarities of language and race Early 
Mediterranean man had his own language, which has 
become extinct in Bntain Alpine man came as a ruling 
class and imposed his Celtic on the earlier inhabitants 
Afterwards, across the North Sea, came successive 
invasions of Nordic man, and again these almost com- 
pletely imposed their language on the Bntish people 
Very nearly the converse has happened in one part of 
Central Europe Bohemia is inhabited by Alpine 
man, but he largely speaks a Nordic language (modern 
German) There is a Slavonic movement for preserving 
the Czech language, and in the capital, Prague, there is 
a Czech university 

A most mteresting case of one ‘‘ race ” with different 
languages is furnished by the Iberian penmsula That 
region is geographically well fitted to become the home 
of one race, and with the exception of some Moorish 
and slight negro strams it is almost pure Mediterranean 
m type Yet no less than four languages are spoken, 
all of them probably of Mediterranean origm . Castilian 
or Spanish, Portuguese, Basque, and Catalan Catalan 
and Basque overlap somewhat into France at either end 
of the Pyrenees ^ 

It would take too long to study the rest of the Great 
Caucasian race as fully as the branches in Europe have 
been discussed. It may be remarked, however, that 
two great linguistic families are recognised Southern 
Caucasian and Northern Caucasian The southern 
family includes the groups called Hamitic and Semitic 
those inhabiting Mesopotamia, Arabia, Egypt, Northern 
Africa generally, and the south of Spam The northern 
family includes the Indo-European nr Aryan groups, in- 
habiting nearly all Europe, Armenia, the Plateau-of Iran, 

* For a study of the Basque problem , see Ripley’s The Races oj 
Europe 
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'\fghanistan. Northern India, and Ceylon, vnih the 
well-known offshoots into America, South Africa, 
Australasia, etc 

It IS interesting to note that the three great 
monotheistic religions arose among the Caucasian 
peoples Judaism, Christianity, and Mohammedanism 
Relativel}^ few Caucasians have remained polytheistic, 
the chief exception being the Brahmms of India 

There are naturally many parts of Europe where 
there has been some fusion of the sub-races, and where 
there has been long-contmued struggle for domination 
One such region is where the plam of Russia approaches 
the middle mountains of Europe , there some fusion of 
the Slavonic division of the Alpme race vnth Nordic 
man has taken place, and there the struggle between 
Panslavism and Pangermanism is very keen In the 
region immediately to the west of the Rhine is the 
persistent difterence m outlook between the two races, 
Mediterranean and Nordic In the British Isles there 
has been a fusion of the long skulled, dark-haired race 
with the long-skulled, fair-haired race , that is, Medi- 
terranean wnth Nordic, and at least some infusion of 
the broad headed Alpme race At one time it was 
almost an article of faith to believe that the Nordic 
overwhelmingly predominated, but opinion has changed 
considerably of late years, and now the mixed British 
people are believed by many to be predommantly 
Mediterranean, with a strong but subsidiary infusion 
of Nordic, and some leaven of the Alpme This is 
usually believed to have been of advantage 

New racial combinations of great mterest and probably 
of great power seem likely to arise m the future in the 
** Ne\v Coimtnes,” such as Canada, the United States, 
Argentina, Chile, South Africa, Australia, and New 
Zealand To take North America as an example It 
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\.'as first colonised largely by Mediterranean man, then 
afterwards the other European sub-races and the mixed 
peoples have contributed their share There has been 
interfusion m varying degree with a remnant of the 
original American, a strong Ethiopic strain added, 
and also a considerable infusion of Mongolian blood 
The results of such a commingling of races and sub- 
races cannot be foreseen 

Nations, Races, and Languages m Europe — ^Not one 
of the great nations of Europe is composed of a race 
in the strict sense, but in most cases one or other of the 
three great European " races” predominates Spam is, 
as we have already seen, almost entirely Mediterranean, 
with some intermingling of a foreign element, the 
Berber (or Moorish) , France is also predominantly 
Mediterranean, but not to the same extent as 
Spain, for there has been a considerable infusion of 
Nordic and a powerful leaven of Alpine Germany 
lb Nordic m the north but largely Alpine in the south, 
with another strain of Alpine (Slavonic) in the east , 
Italy IS Mediterranean, with some Nordic m Lombard} 
and Alpine in the north-east Russia is predoimnantl} 
Alpine, but there are quite foreign elements of various 
types, Finnish and Kirghiz being the most obvious 
The former Austria-Hungary was m no sense a nation 
as determined either by predominance of one race, or 
as limited by geographical boundaries It was simpl}- 
a creation of the diplomatists, and proved to be essen- 
tially unstable Germans inhabit the valley of the 
Danube in and near the Austrian Gate Vienna is the 
centre of the Germanic lobe As already mentioned, 
Bohemia is inhabited by Czechs — a Slavonic people — 
who speak both German and a Slavonic tongue The 
racial question is very acute in that part of Central 
Europe The great Hungarian plain is inhabited mainly 
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by ]\Iag5^ars or Hungarians, a people of Eralo-Aitaic {^ e 
Mongolian) race North and north-east of these are 
Slovaks and Little Russians, both Slavonic peoples, 
speaking difterent languages from the Hungarians and 
'Vustro-Germans East from Hungar}^ there is Transyl- 
\ ania, inhabited mamly by Rumanians, speaking a 
Romance language In this part of Europe alone 
there are said to be five nations,” five languages, five 
creeds — an interesting epitome of the inherent diffi 
culties of the former Austro Hungarian Monarch} 
The south-western regions, Bosnia and Herzegovana, 
are peopled by Southern Slavs, as also are Croatia and 
Slavonia more to the north Italians are predominant 
m the Trentino, m the coast lands of Istna, and in 
bouthem Camiola In addition to these dominant 
dnnsions it must be remembered that strong German 
colonies are scattered thiough many of the larger 
population areas, especially m Hungar}^ and m Transyl- 
vania 

Four religions are strong!} represented — the Greek 
Church, the Roman Church, the Protestant, and Jewush 
The Czechs of Bohemia are Romanists, that religion 
having been forced on them m the early seventeenth 
centur} , m the Thirty Years’ War from 1618 to i6j.8 
The Poles of Cracow and western Galicia are also 
Romanists The Little Russians are devoted adherents 
of the Greek Church, as are also the eastern groups of 
rhe southern Slavs The western Slavs of the Southern 
group — Croats and Slovenes, nearer to the Adriatic, 
are Romanists The Rumanians are chiefly of the 
Greek Church, and the Magyars are chiefly Protestants 
German- Austna is essentially Romanist m religion 
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CHAPTER XXI 


THE DISTRIBUTION OF POPULATION AND THE 
LOCATION OF TOWNS 

The first need of man is food, and the amount and 
accessibility^ of food-supply is the first factor in deter- 
mining his distnbution As his wants increase with 
advancmg civilisation, other factors connected \vith 
clothing, recreation, and pleasure become important The 
luxunes of life as well as the pure necessities nowadays 
play an increasingly important part Food can be trans 
ported with such relative ease compared with former 
times, that man need not dwell so near the region where 
his food is produced as formerly Even yet there are, 
however, some of the densest aggregates of population 
where staple foods are produced in large quantities 
The relations between man and the food-supply are 
reciprocal , a dense population grows up on certain 
favourable fertile lands , and the people produce on 
these lands every available particle of food, according 
to their knowledge This reciprocity is well illustrated 
in the densely peopled lands of Chma and India, to which 
further reference will be made later 

Highly civilised communities have usually passed 
through three stages in relation to their food-supply 
and other wants In the earlier times they are pastor^ 
and more or less nomadic, moving from one region to 
another as the food-supply for their flocks fail After 
this they have become agncultural and settled, and the 
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cultivation of grain, roots, and fruits adds to their simpler 
resources Finally, they have become commercial and 
industrial, producing commodities other than foods 117 
exchange for imported supplies of the latter. 

The typical nomads are found, of course, in deserts 
and on steppes and praines The inhabitants of the 
Kirghiz steppes of South-Western Asia live almost ex- 
clusively on the products of their flocks and herds, 
seldom using even bread Their food is flesh and 
cheese, and their dnnk fermented milk 

The agncultural stage is illustrated by many young 
nations, such as Canada, Argentina, Australia , and by 
the peoples inhabiting the rich alluvial plains, such as 
the Yangtse, the Ganges, the Nile England has fully 
reached the industrial stage, and the Bntish Isles, as a 
whole, produce only a comparatively small proportion 
of the food required by their people England was an 
agricultural countrjf until the mdustnal revolution of 
the eighteenth and nineteenth centuries, and between 
say 1700 and 1900 has passed quite from one stage to 
the other Germany was predominantly agncultural 
until quite recently, but of late years much food has had 
to be imported Even a young country like the United 
States is apparently passing from the agncultural 
to the industrial stage It would, however, be better 
to regard the United States not as a country in this 
respect It is rather to be regarded as a federated 
continent, some portions of which are pastoral, some 
agncultural, and some mdustnal 

In the nature of things population can never be very 
dense in the pastoral or nomadic stage of development, 
and all such regions are but sparsely peopled Some 
agncultural regions and most mdustnal regions are 
densely peopled The distnbution of population ulti- 
mately depends upon climate, fertihty of soil, mineral 
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wealth, and means of intercommunication, using the 
latter term m its widest sense The four factors men- 
tioned are of very different values in different regions 
and are usually closely interrelated 

Thinly Peopled. Lands — It may be well to indicate, 
at the outset, some of those regions where population 
is very sparse , these are some parts of the hot, wet, 
equatorial forest , tropical deserts, deserts m the tern 
perate zones, the tundra, the Arctic Highlands, and some 
high mountam regions and very high plateaux in various 
parts of the world 

In the hot, \\et forests the undergro^vth is so dense 
that communication is very diflScult except on the nvers 
The soil consists largely of decomposing vegetation, 
the air is laden with disease germs, and germ-beanng 
insects abound , httle sunhght penetrates the overhead 
canopj of \egetation, the glades are gloomy and de~ 
pressing, and poisonous insects, venomous snakes, and 
beasts of prey make human hfe insecure The dense 
equatonal forest is, therefore, the home of a few 
degenerate Amencan Indians, or Negroes, or Malays 

The deserts are permanently inhabited only on the 
oases, the latter being determined by a spnng or a deep 
u ell The Nile Valley is a long narrow oasis in an almost 
rainless region , it is, of course, tne nver that is entirely 
responsible for the habitability of lower and middle 
Eg}q)t In a somewhat lesser degree this is also true of 
the ]\Iesopotamian valley, and of the lower Indus Out- 
side the oases there are only a few nomads who move 
from one fertile spot to another The great Sahara is 
the conspicuous example , there an area of three million 
square miles (that is, three-fourths the size of Europe) 
contams probably at most little more than one million 
people Arabia, the higliland deserts of mid- Asia, and 
the Australian dry regions are also very thinly peopled 
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Beyond the Arctic Circle human habitation is diffi 
cult and the number of inhabitants very small The 
continued absence of sunlight dunng the long winter 
lowers the vitality of man , food is very scarce, 
most of it coming from the sea , and there is little to 
attract the average man The population is confined 
to a few Eskimos and similar tnbes, who eke out a 
very precarious subsistence The Lapps of the far 
North of Europe, who have the advantage of the gulf 
of winter warmth caused by the Atlantic drifts and the 
warm south-westerly winds, are the most advanced of 
Arctic peoples Some of them are settled on the 
northern fiord coast and maintain themselves by fishing , 
the others are nomads who inhabit the interior, and with 
their dogs and reindeer wander from place to place in 
search of pasture for the latter animals 

Assuming that the known lands in the Antarctic 
regions are parts of one great Antarctic Continent, there 
may be a land mass in the far south with an area almost 
or quite equal to that of Australia So far as is yet 
known, there are no land mammals whatever, and of 
course no human inhabitants There are numerous 
species of birds, and seals and whales are plentiful m 
places There does not seem to be any land floia 
This, therefore, is almost the largest absolute desert 
on the earth's surface 

Greenland may serve as the type of Arctic highlands 
The land is fringed with fiords like many of the northern 
lands, and Eskimos inhabit the coast up to about 
78°-8o° N It IS estimated that there are about 10,000 
Eskimos m the whole of Greenland, together with the 
few Danes who administer the country and carry on its 
foreign trade The gieat inland plateau of ice, which 
stretches nearly from coast to coast, is uninhabited 

Lastly, among the sparsely inhabited regions may be 
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mentioned the high mountains and plateaux ^vhe^e 
eitlier Arctic highland or tundra conditions are repro- 
duced Above the snow-line permanent inhabitants 
must obviously be very rare A little below the snow- 
line are only a few herdsmen, except in regions such as 
Switzerland and Norway, where nearness to the dense 
population of industrial Europe has made of the moun- 
tains a playground, and where hotel-keepers, guides, 
and a few others depend upon the increasing number of 
tounsts who visit the mountains in search of know- 
ledge, pleasure, or adventure The higher parts of the 
great Tibetan plateaux, ahke with the neighbouring 
Alpine mountains, such as the Pamirs and Karakorum, 
form another great region with a sparse population 
The intense cold of the winter, the icy blasts, and 
the low atmosphenc pressure, combine to render such 
lands almost uninhabitable. 

Densely Peopled Lands — We may now turn to the 
other extreme, where large populations are concen- 
trated on a small area There are clearly two mam 
types First, those lands where food is plentiful and 
cheap, and where a nch soil and a favourable climate 
produce enough to satisfj^ the needs of a large, if not 
very exacting, population The plains of China at once 
occur as illustrations The nch alluvial soils of the 
Si-Kiang. the Yangtse, and the Hoangho valleys, and 
of the coast lands support an enormous population 
The summers are regularly hot and moist, controlled by 
the monsoons which blow from the warm seas Agn- 
culture IS regular and the climatic conditions reliable, 
and almost every inch of the nch soil of the great 
alluvial plains is utibsed The winters are dry and 
comparatively cold, and a penod of rest for the worker 
and for the land is insured Under these conditions 
there has come to be the densest population of agn- 
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culturists and almost vegetanans that the world knows 
The plain of the Ganges and the Punjab part of the 
Indus are similar The alternation of warm, wet 
summers and dry “ winters,” coupled with the wonderful 
fertility of the immense stretches of rich alluvial de- 
posits, cause the enormous agncultural wealth of India, 
and are largely responsible for the vast population of 
the plains In Bengal and the United Provinces (Agra 
and Oude), with an area of 183,000 sq miles (that is, 

29.000 sq miles less than France), there is a population 
of 92,000,000 (cf France again with 41,000,000) ^ Most 
of this enormous population is dependent upon India’s 
chief industry, which is now, as it always has been, 
agriculture 

A remarkable example of a densely-populated agri- 
cultural land is that of the lower Nile trough, set in the 
great desert If the desert areas of Egypt are included 
the population of the country works out at about 
37 to the square mile If the desert be excluded the 
density is over 1000 to the square mile, which is very 
high The rich silt of the overflowing Nile, deposited 
over the land from before the dawn of history, has 
made the support of a dense population possible As the 
marshes of the delta are Earned and reclaimed this 
population tends to increase At present an area of 

13.000 square miles supports a population of over 
14,000,000. Yet another example of a densely peopled 
agricultural region is the plam of Lombardy The 
rivers of the Alps and the Apennines have spread over 
the sunken block an immense thickness of mixed debris, 
which has come from the varied geological formations of 
the mountams Wheat, maize, and rice are grown in 
large quantities and support a large population This 

i Of course there are many relatively infertile parts of France 
included 
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region is not so pnrely agncnltnral as the others 
mentioned, for manufactures are earned on chiefly in 
the to^TOs , Silk, woollen, and hnen spinning and weaving 
give emploj^ment to a considerable number of people 
All these examples of dense population are of long 
standing, but there are other thickly peopled regions 
which are quite modern m ongin, and are charactenstic 
of modem civilisation These are the industnal regions 
usually located on or near the coal-fields The great 
mdustn'^l region of east and south-east Lancashire 
may be taken as a type Here the soil is infertile and 
the climate far from attractive The rainfall is not 
heavy, bat it is distributed throughout the year, three 
days out of five having some ram There is much cloud 
and consequently not much sunshine Yet there is 
aggregated a very closely packed population, chiefl}^ 
engaged directly and indirectly in coal-mming and 
cotton manufacture, and the allied engineering and 
chemical industries Here is a population of from 
five to SIX millions, and the commercial capital, Man- 
chester, has become a focus for almost ten millions of 
people It IS somewhat outside the scope of the present 
V ork to discuss fully the reason for the localisation of 
industnes, but it may be stated bnefly that in Lan- 
cashire some of the determining factors have been coal, 
nearness of salt (for chemicals), a humid atmosphere, and 
plenty of small nvers with soft water from the gnt hills 
Other industnal regions with dense populations are 
the Jlidland Valley of Scotland, the North-Eastern 
region of England (Bl3d;h to Middlesbrough), the 
West Riding with an extension into Derbyshire and even 
to Nottingham, the great klidland region with Birming- 
ham as a centre, and the South Wales coal-field 
To these, which are largely determined by the presence 
or nearness of coal, and which are essentially products 
28 
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of the Industrial Revolution, may be added Greater 
London with its 8,200,000 of people, its great 
and vaned industnes, its immense shipping trade, 
and its vast financial interests. London’s convement 
river mouth, its excellent position facing the continent, 
its choice in early times as the capital of a progressive 
country, and perhaps above all the daring foresight and 
industry of its merchants, have made it the world’s 
greatest port and commercial and financial cleanng- 
house The county of London, with Croydon, Rick- 
mansworth, Watford, St Albans, and many other 
towns and villages, are aU part of greater commercial 
London, and the extension of electnc trams and motor 
buses is drawing a still wider area into the always 
extending London 

On the Continent of Europe the chief industrial regions 
with dense populations are Belgium, especially south 
Belgium, in the Sambre-Meuse Valley, where a coal-field 
extends almost continuously across the country from 
north-east France to Aix-la-Chapelle From Lille and 
Roubaix, through Tournai, Mons, Charleroi, Namur, 
Huy, and Liege to Verviers and Aix is one busy manu- 
facturing region, with intervals in the dolomitic limestone 
region of the Meuse, between Namur and Huy, where 
the population is not so dense as in the other parts In 
addition to the coal on the spot there are iron ores not far 
away, and there were zinc ores m the vicmity The 
rivers Meuse and Sambre, and the magnificent system of 
railways and canals, complete the facilities for trans- 
portation The Westphalian region, in the valleys of 
the Ruhr and the Lippe, is another busy mdustriaJ 
province, where great iron, textile, and chemical mdus- 
tries are located The coal of the district is used to 
smelt the iron brought down the Rhine from Lorraine 
and Luxemburg, and much ore now comes from abroad. 
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In the immediate district there is a population of about 
3,500,000, and a dozen to'vras of over 100,000 each, 
thus makmg a district almost comparable with East 
Lancashire The chief towns of that busy region are 
Dusseldorf, Essen, Duisburg-Ruhrort, Dortmund, Elber- 
feld, Barmen, Bochum, Krefeld, and Mulheim In a 
part of Saxony is one of the densest populations of 
Europe, where 5,000,000 people axe condensed on 
about 15,000 square miles There are found coal and 
lignite, and much metal- mining is carried on even yet, 
though the mines have been worked for centuries 
There has also grown up a great textile industry, m 
some measure a rival of that of Lancashire and the 
West Riding of Yorkshire Add to these the manu- 
facture of locomotives, machmery, and chemicals, and 
it will be understood how a great industrial region is 
located there, the chief towns of which are Leipzig, 
Dresden, Chemnitz, Meissen, and Zwckau 
The last of the great mdustnal regions which w^e 
shall discuss is that of the coal-field of Pennsylvania 
and Ohio Pittsburg may be taken as the centre of the 
immediate busy manufactunng region It has immense 
iron and steel works The onginal ore of the district 
has been nearly worked out, but ore is now brought 
m enormous quantities from the Lake Supenor region 
There is abundance of coal, and there are also the large 
stores of petroleum To these advantages of raw 
matenals m great bulk must be added the facilities for 
transportation The Great Lakes, the Ene Canal 
connecting to the Mohawk Valley and to the Hudson, 
and the excellent railway systems give ready facilities 
for communication with the Atlantic seaboard, with 
Canada, and wuth the rich agncultural lands of the 
intenor It wall be readily understood how this has 
come to be North America's busiest distnct and the 



436 


HUMAN GEOGRAPHY 


region of its densest population The greater region now 
under consideration includes the following cities Pitts- 
burg (669,000), Buffalo (573,000), Cleveland (900,000), 
Detroit (1,500,000), Cincinnati (451,000), Columbus 
^290,000), Toledo (290,000), and Dajdon (200,000). 

All these great industnal regions are situated on coal- 
fields or not far from coal supplies, and where the means 
of communication and transport are excellent In the 
present stage of industnal development coal is the 
strongest factor, but it does not follow that this ad- 
vantage will be maintained Already there is taking 
place a great development of electncal power denved 
from water-supply Norway and Sweden, the hilly 
regions of Saxony, Switzerland, Eastern Canada, and 
the United States have so far led the way Power is 
now transmitted for great distances in both Switzerland 
and the United States, and this may lead to new dis- 
tnbutions of manufactures and of population in the 
future 

The Location of Towns — When man passes out of 
the purely nomadic pastoral stage he needs permanent 
settlements Towns therefore grow up where he can 
exchange his commodities, and in the earlier agncultural 
stage where he can receive protection for himself and 
his property. Towns were usually begun m places 
which could be easily defended, either by means of a 
commanding fort or by placing the town where it 
would be safe from attacks Athens, Edinburgh, 
Carcassonne, Lincoln, Stirling are famous towns which 
were under the protection of hill forts Many towns 
were built on islands, examples of which are Pans on 
an island in the Seme, Ely on an " island ” in the Fen- 
land, Venice on an island among lagoons, and Bombay 
on an island in the sea Many towns have grown upon 
land in bends of rivers, where they would be relatively 
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difficult to attack Durham, Toledo, Besan^on, art 
examples 

Another type of town is where routes meet, and of 
these there are numerous examples A simple case i:? 
where break of bulk occurred owing to a great mediaeval 
roadway crossing a nver, and m the case of such towns 
as Oxford, Hereford, Utrecht, the name refers to the 
crossing The old Watlmg Street of England passed 
through Fenny Stratford and Stony Stratford Other 
well-knowm English examples are Stratford-on-Avon and 
Watford Strasbourg stands w^here the old Crusaders 
route passed round the northern end of the Vosges 
tow^ds the crossmg of the Rhine Orleans stands 
where the route from Pans to the south crossed the 
Loire, and numerous other examples might be given 

Confluence towms are perhaps more numerous than 
any other type , they are found m all t5^es of civilisa- 
tion, eastern and western, ancient and modem The 
Simplest case is where two navigable rivers meet, or 
two nvers which determine roadways through a country 
Reading, Ljons, Namur, Allahabad, Khartum, Hankau, 
Montreal, St Louis, ^ may be investigated by the 
student The simple crossing of well-used routes pro 
\ ides another group of towns Vienna on the crossing 
of tne east to west and north to south routes is a good 
example Liege is another case where two important 
mediaeval routes crossed, and in modem times important 
railways cross at the same place 

Important towms often stand where intermont valleys 
open out into a plain Consider those eastern Pennme 
nvers which make up the Yorkshire Ouse At the 
“ mouth ” of the Swale is Richmond, on the Ure is 
Ripon , on the Nidd, Knaresborough , on the VTiarfe, 
Tadcaster , on the Aire, Leeds , on the Calder, Wakefield , 
^ Near the confluence 
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and on the Don, Doncaster It is interesting to note 
the difference in development between Leeds and Wake- 
field on the coal-field and the northern group, which are 
stfil comparatively quiet market towns Doncaster has 
become a great coal centre, though it is not on a coal- 
field on the geological map A “ buried coal-field” is 
responsible for its remarkable growth m recent years 

Perth, Stirling, and Dumbarton are similar gateway 
towns to the routes into the highlands Cologne, 
Liege, and Namur are of this character, as also are 
Turin, Milan, and Verona 

A large number of famous towns occur at the tidal 
limits of estuanes , that is, at the farthest point to which 
early shipping could penetrate, which was often also 
the lowest point where the nver could be easily bndged 
or forded London is a classic example Bnstol, 
Newcastle, Hamburg, Bremen, Nantes, Bordeaux, may 
be mentioned among others As modern shipping has 
grown bigger and bigger, the trade has either left many 
an old tidal port, or an outport has enabled the older 
town to maintain its ground Glasgow, Newcastle, 
London Bnstol, Hamburg, Bremen, Nantes, Bordeaux, 
have aU im portant outports 

Havre has developed as a great port of France because 
it IS on the open sea Southampton and Liverpool need 
no outports In non-tidal seas, towns very often stand 
on bays or natural harbours, examples being Marseilles 
and Naples 

The towns at the ends of the drowned valleys on the 
eastern seaboard of the United States have already 
been mentioned Washington, Baltimore, Philadel- 
phia, and Trenton stand ]ust at the head of easy tidal 
navigation, where the nvers open out into a wide 
estuary 

Geography can thus explam from obvious natural 
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causes the position of many t3/pes of to^^Tls There 
are others which are due to what may be called more 
artificial causes Towns where mineral wealth is the 
first consideration, such as Johannesburg, Wigan, and 
Coolgardie, may be taken as examples Rome and 
Mecca owe much to religious sentiment, wthout which 
(especialh in the case of the latter) they could scarceh 
ha\ e retained their importance m modem times Petro- 
grad and Berlin owe much to determined pnnces who 
resohed to make them into capitals of kingdoms or 
empires Washington and Ottawa have been selected 
as capitals of federation of states, and in both cases 
the work of administration maintains a considerable 
population 

Modem industnal towns are not always easy to ex- 
plain In some cases they are very old towns rejuven- 
ated , Leicester, Derby, Nottingham, Liege are cases 
in point Manchester, Leeds, and Birmingham trace 
their ongin back to very early times, but their modem 
importance is shown by such facts as the late penod 
when the} were first represented in Parliament Not 
one of them was reckoned as of first-class importance 
in the Civil Wars of the seventeenth century The 
Ruhr-Lippe group is of similar modem growth The 
great industrial towns of the United States are of 
necessity modem Their enormous g^o^vth is due to 
the tremendous natural resources of a rapidly-developing 
continent 

With the great development of railways, and the 
\er\ great dependence of modem mdustnal life upon 
them, new nodal towais have m many cases grown 
up where a s}^tem of lines radiate, or the raihvays have 
been attracted to old to\vns, followng more or less the 
routes of the mediseval roads Of the new centres, 
Crewe is a good example Many of the old and im- 
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portant towns have also developed into modern nuclei 
of railway traffic , Rugby, York, Carlisle, in Britam , 
Namur, Prague, Warsaw, and many others on the 
Continent, may be quoted All great capitals are now 
the meeting-places of numerous railway lines, and thus 
towns which were important before, have gained a new 
source of wealth 

Finally, many new towns in new countries owe much 
of their importance to the railways, converging on 
them Montreal, Chicago, St Louis, Wmnipeg may be 
mentioned as American examples 
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SECTION E 

CHAPTER XXII 

MATHEMATICAL GEOGRAPHY AND 
CARTOGRAPHY 

The Earth, its Shape and Size — The spherical form 
of the earth was ell known to the Greek geographers , 
and Eratosthenes and others had made attempts to 
estimate its circumference bj^ measuring an arc of its 
cur\ ed surface This knowledge became a part of the 
teaching of the age, but m the long period which followed 
the break-up of the Roman Empire it was kno^vm only 
to a few scholars here and there, and most of the people 
who thought about it at all had other ideas With the 
great rewal of learning which characterised the pass- 
ing of the Middle Ages, men rediscovered the almost 
forgotten knowledge of the Greeks Copernicus and his 
followers began to teach that the earth was round and 
that it was but one member of the Solar System 
It was some two hundred years later before it became 
quite clear that the earth is not a true sphere, but that 
it is what IS called an ohlaie spheroxd'^ — that is, having the 
shape which w'ould be assumed by a rapidly rotatmg 
body coolmg from the hquid condition The teaching 
of Newton paved the way for this knowledge, and with 
the more accurate determinations of the length of an 
arc of latitude which w^re made m the latter part of 
the eighteenth century, aided by numerous pendulum 

* See Glossary 

441 



442 


MATHEMATICAL GEOGRAPHY 


observations in both high and low latitudes, the earth’s 
form became fully known 

If the earth were a true sphere it is obvious that every 
correctly measured arc of latitude of one degree along a 
mendian would have the same length , that this is not 
so appears abundantly from the following table 


Latitude 
N orS 


Length of i'’ of latitude, measured 
from above to below the 
latitude shown in ist column 


0° 

68 69 miles 

10° 

68 70 

ft 

20° 

68 77 

ft 

30° 

68 88 

ft 

40° 

69 00 

ft 

50° 

69 10 

ft 

60° 

69 21 

ft 

70° 

69 32 

ft 

80° 

69 38 

ft 

90° 

69 39 

ft 


It follows from this that the equatorial diameter of 
the earth wiU be greater than the polar diameter The 
figures are approximately 

Equatonal diameter, 5=7926 6 miles 
Polar diameter, ^=7899 6 ,, 

The flattenmg or oblateness=— — approximately 


It IS not necessary m this book to insist upon the 
elementary proofs of the earth’s curvature and of its 
approximately spherical shape, but the reader may be 
reminded that the curvature is not noticeable m such a 
short distance as a mile If, however, two pomts 10 
miles apart are selected on perfectly " level ” ground 
they cannot be seen from each other because of the 
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earth's curvature A man of average height can see a 
pomt on flat ground about 3 miles away but no farther , 
if he stand on a raised support he can see mcreasmg 
distances, his vista bemg limited by the small circle of 
the earth that forms his horizon 
A striking way of lUustratmg the curvatxue of the 
earth's surface is to quote the fact that if the chord of 
the arc could be drawn from St Alban's Head to Benvick, 
the curved mendian hne of 2° W would be 4 miles 
above this straight line in middle England 
The Earth's Eotation and Eevolution, — ^The shortest 
diameter of the earth — ^the polar diameter — ^is the axis- 
of the earth's rotation , this rotation causes the familiar 
phenomenon of day and night The earth is at the 
same time travelhng through space m an elliptical orbit 
round the sun as focus , this motion is known as the 
revolution of the earth round the sun Conceive a line 
drawn from the centre of the earth to the centre of the 
sun , call this the earth-sun hne As the earth's path 
of revolution is an ellipse with the sun at one focus this 
hne vanes m length, its average length being approxi- 
mately 93,000,000 miles It IS easy to think of this 
unagmary Ime as tracing out an ellipse during a complete 
revolution of the earth round the sun , the plane m 
which this ellipse hes is called the Plane of the Echptic 
The earth's axis is not at nght angles to this plane, 
but IS mclined at an angle of 66J° approximately, or, 
stated in another w^ay, the plane of the earth's equator 
IS inclined at an angle of 23^° to the plane of the ediptic 
The earth's axis mamtams its mclmation of 66^^^ 
during the whole of a revolution, hence there results the 
different mcidence of the sun's rays upon the earth 
which makes the phenomenon of the seasons Four 
cntical positions may be defined and readily under- 
stood , these are at the solstices (June 21-23, December 



<144 


MATHEMATICAL GEOGRAPHY 


21-23) and the equinoxes (March 21-23, September 
21-23) The reader who finds any difficulty in realising 
these different relationships may easily demonstrate 
them by putting a knitting-needle through the ” axis " 
of an orange and then carrying the orange round a small 
lamp, taking care to maintain the axis tilted at the same 



/ \ 



Fig 77 — Diagram of the Earth’s Annual Revolution, 
AND THE Cause ob the Seasons 

angle and pointed in the same direction throughout 
the whole revolution The four positions mentioned 
above may be represented diagrammatically as in 
Fig 77 Repeat the illustrative experiment and study 
the figure until the significance of the small circles — 
the Arctic Circle, the Tropic of Cancer, the Tiopic of 
Capricorn, the Antarctic Circle — is perfectly clear 
Refer again to Fig 77 
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Great and Small Circles on the Glohe — The equator is 
the boundary or circumference of that section of the 
sphere which bisects the earth's axis at nght angles , 
or the equatonal plane is midway between the poles 
and at nght angles to the axis This circumference is 
very nearly a true circle, whose length is r- x 7926 6 
statute miles, or approximately 24,902 miles All the 
possible circles which may be drawn on the earth's 
surface parallel to the equator, and whose planes cut 
the axis at nght angles, belong to the class of small 
circles — that is, circles which do not contam an equatorial 
diameter , the two tropic hues and the Arctic and 
Antarctic circles are examples An mfimte number of 
such small circles can obviously be drawn , the four 
mentioned are important ones which axe detenmned by 
the definite relations of the earth to the plane of the 
echptic Parallels of latitude (which are discussed later) 
are small circles The small circles which are not parallel 
to the equator are not of much importance to the 
geographer 

The equator obviously contams an mfimte number of 
equatonal diameters , any other circle drawn round the 
globe which contains an equatonal diameter is defined 
as a great circle It is apparent that every great circle, 
other than the equator, is bisected by the equator 
\mong the mfimte number of great circles which can 
be dravTi on the globe a most important group to the 
geographer consists of those which pass through both 
poles, cuttmg the equator at nght angles These great 
circles are called mendians Other great circles which 
do not pass through the poles are of mterest to the 
navigator, but are not very important to the geographer , 
an exception is the one which cuts the equator at an 
angle of 23^° — the great circle above which the sun 
appears to trace out its path m the heavens 
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The two sets of circles — the great circles drawn 
through the poles and the small circles drawm parallel 
to the equator, are the important circles most frequently 
used by the geographer , they are the meridians of 
longitude and the parallels of latitude 

Position on the Earth’s Surface — It is often m- 
convenient to use hnear measurement for mdicatmg 
the position of places on the earth's surface On the 
ocean, m desert lands, m tropical forests, and across 
high mountam ranges, it is exceedingly difficult to make 
linear measurements of distance at all over any con- 
siderable extent , the method of co-ordmates must be 
used and the determmation of position is made by 
reference to some body m the heavens In the usual 
methods of co-ordmates there axe two Imes of reference, 
and m the simpler cases these are at right angles to 
each other One such hne at once suggests itself for the 
earth’s surface, namely, the equator , this is the reference 
line for lahUide, which is defined as angular distance 
north or south of the equator For longitude there is no 
such obvious hne, and one has to be selected arbitrarily 
The mendian which passes through the Observatory at 
Greenwich is always employed by Bntish astronomers 
and geographers, and most of the other nations now use 
this mendian Longitude may therefore be defined as 
angular distance east or west of the mendian of Green- 
wach The position of a place is fuUy stated when its 
latitude and longitude and its elevation above sea-level 
are given 

Determination of Latitude — ^This can be done approxi- 
mately by findmg the altitude or angular elevation of the 
Pole Star This star is slightly more than a degree 
from the celestial pole, and allowance can be made fo’' 
the difference The method more usually adopted is to 
find the altitude of a star when it crosses the mendian 
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Or instead of one reading, several readings of the altitude 
are taken, so as to be quite sure of obtaining the one 
of greatest angular elevation Call this angle a The 
angular distance from the zenith will clearly be go°-a 
Another factor needed is the declination of the particular 
star — ihzt is, the angular elevation of the star above 
the celestial equator at the time of the observation 
This IS obtained from the Nauitcal Almanac, which 
IS published annually by the Admiralty Call this 
declination S The latitude is obtained from the formula 
L=90°-a + 8 For very accurate work refinements 
of observation are mtroduced so as to determme a 
vathm the least possible margm of error 

Betennination of Longitude — As the earth rotates on 
its axis the mendians come successively “ under the sun 
or under a given star, and the true time of a place is 
clearty dependent upon its longitude A complete 
rotation takes place in 24 hours, hence 24 hours of time 
correspond to 360° of longitude, or i hour is equivalent 
to 15° of longitude, and 1° of longitude to 4 mmutes of 
time The longitude of a place is thus the angular 
distance correspondmg to the difference between the 
true time at the place and Greenwich time Supposing 
ve know Greenwich time and can also determme the 
instant when the sun is on the mendian at that place, 
then it is a srniple calculafaon to find the longitude 
The problem resolves itself mto two factors — the first 
IS findmg the meridian time, the second is knowing 
Greenivich time accurately 

To find the mendian tune at a place, the time of 
transit of the sun across the mendian is taken and 
corrected by what is called the equation of time, which 
IS obtamed from the Nauitcal Almanac This gives the 
mean Noon tune of the place, and from this the longi- 
tude IS at once obtained 
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A second method is that of equal altitudes A theo- 
dolite IS set up, and the time at which the sun crosses 
the honzontal wire of the mstrument is noted The 
theodohte is then swung through i8o° m a honzontal 
plane, keeping the inclination of the telescope fixed The 
time when the sun crosses the horizontal wire a second 
tune IS noted The time of transit across the mendian 
IS midway between these two times This gives local 
noon, and if Greenwich time is known accurately a 
companson of the two gives the longitude 

A third method commonly used is to determme the 
angle between the meridian of a heavenly body and the 
mendian of the place , this angle is called the Hour 
Angle of the heavenly body , from it, by solution of a 
sphencal tnangle, the time of transit of the heavenly 
body may be obtamed , this m its turn gives local 
mean Noon, and from a companson of this and Green- 
wich time the longitude is obtamed 

In aU these methods a knowledge of Greenwich time 
IS assumed This was formerly obtamed by carrymg 
special timekeepers, called chronometers, which are very 
accurately made These are kept with very great care, 
and time can be read to a second Withm recent years 
Greenwich time has been sent out by telegraph, and by 
determination of local time the longitude of many 
places has been more accurately determmed Green- 
wich time IS now sent out by wireless telegraphy , and as 
navigators and travellers on land can readily carry 
portable sets for this work, the determmation of longi- 
tude has been rendered easier, always supposmg that 
local time can be accurately determmed 

Longitude and Tune Local Tune — Noon at any 
place IS the tune when the sun passes the mendian of 
that place , and it is obviously the same for all places 
on the same mendian Places west of Greemvich have 
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their noon later than Greenwich, and places east of 
Greenwich have theirs earlier than Greenwich Phila- 
delphia is nearly in longitude 75° W , its noon will occur 
when the tune is 5 p m at Greenwich , St Louis and 
New Orleans are £tlmost on the mendian 90® W , their 
local tune is 6 hours behind Greenwich tune Calcutta 
IS not far from the mendian 90® E , its local tune is 
taken as 6 hours ahead of Greemvich tun^ Comparing 
Calcutta and New Orleans, the difference in tune is 
12 hours, the tune at the latter town bemg 12 hours 
behind that of the former 

Here is an interesting case mvolvmg an important 
result , a vessel sailmg eastward from the meridian of 
Greenwich has to put forward its clock 4 mmutes for 
every degree of longitude traversed, so as to conform 
with local tune , when longitude 180° E is reached the 
clock will have been put forward 12 hours and, com- 
pletmg the cucmt of the globe and still travellmg east- 
ward, another 12 hours, makmg an addition of 24 hours 
for the circuit , to compensate for this addition of 24 
hours to the tune it is necessary to add a day to the 
calendar by givmg the same date to two consecutive 
days Similarly, m travellmg westward there is an 
alteration m tune of 24 hours, but m an opposite sense, 
4 minutes bemg deducted for every degree of longitude 
and 24 hours bemg lost in the complete circmt , it 
therefore becomes necessary to drop one day from the 
calendar By international agreement this is done at 
the mendian 180° E or 180® W (these bemg comcident), 
and this mendian forms the basis of the “ Intemation^ 
Date Lme ” , theoretically the Ime should be the 
mendian, but as this passes through a few islands an 
agreed detour has been arranged and the actual '' Date 
Lme"* follows a shghtly zigzag course, keeping as near 
as possible to the mendian of 180° E or W 
29 
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Maps, and their Use 

Maps are in such constant use by the geographer 
that a bnef statement concerning them may not be out 
of place in this book They are of many different 
kinds and have different aims, for a full description of 
which some of the books mentioned in the Bibhography 
to this chapter may be consulted 

World Maps — ^A map of the world or of a hemisphere 
can represent only very generally and broadly the 
shape, or the area, and some of the mam features of the 
earth's surface Such maps are drawn on a very small 
scale , for example, a Zenithal Map on a scale of 
I 40,000,000 IS in common use 

Atlas Maps of contments and countnes, or maps of 
great nver basins and of such seas as the Mediterranean, 
can show more detail , they are, however, much 
generalised, and the scale is still a verj’^ small one For 
example, a map of the Bntish Isles on the scale of 
I 6,500,000 IS m general use m popular atlases 

Topographical Maps — These are maps of smaller 
regions, showmg with much greater detail and with 
some approach to accuracy the features they are in- 
tended to represent. The “half-inch,” "one-mch,” 
and " six-inch ” maps of the English Ordnance Survey 
may be taken as examples, and almost every country 
has now its maps drawn on similar scales The scale of 
the half-inch to the mile map is i 126,720, that of the 
I inch to the mile is 1 63,360, and that of the 6 inches 
to the mile is i 10,560 For some purposes a map on 
a scale of 25 inches to the mile is made , the scale of 
this map IS i 2,534 4 The numbers given above are 
technically known as the Representative Fractions for 
the maps in question An International Map was in 
course of construction, by agreement between many 
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nations, when the Great War broke out and delayed iis 
progress for the tune being , the scale of this map is 

1 1,000,000, or, stated in Enghsh measure, i inch is 
equivalent to 15 78 miles approximately 

Map Projections — The Imes of latitude and longitude 
form the basis of the map, and the vanous methods of 
makmg the network of these hues, or graticule, will 
now be studied bnefly It is obvious that these lines 
cannot be dra^vn accurately on a plane surface This 
may be illustrated m vanous ways It is possible to 
fit a piece of gummed paper about the size of a postage 
stamp qmte closely to the surface of an ordmary school 
globe , but if an attempt is made with a piece of paper 

2 inches square (4 sq inches in area), it will be found 
impossible to fix it closely to the curved surface without 
creasmg the paper 

A good illustration may be obtamed from one of the 
children's cheap balls coloured m octants Cut out from 
one of these hollow balls one of the equilateral sphencal 
tnangles as accurately as possible That the octant is 
an equilateral tnangle is clear, because each side is a 
quarter of a circle , but the tnangle is different from 
zny possible plane tnangle as each angle is a nght angle, 
and the three angles of the tnangle are equal to three 
nght angles Such a tnangle cannot be made mto a 
plane tnangle TOthout distortion, and if it is to be tacked 
dovTi to fit closely to a plane surface it must be pulled 
out of shape 

\^Tien the network of lines of latitude and longitude 
is transferred to a plane surface for the purpose of 
raap-making, the Imes may be so adjusted or re- 
drawn that one of three mam conditions may be 
fulfilled 

The map may preserve directions correctly, and the 
shapes of local features will be correctly represented. 
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but the relative areas are wrong , such a map is called 
orthomorphic, isogonal, or conformaL 

The graticule may be drawn so that the areas on the 
map are proportional to areas on the globe throughout , 
but the shapes are quite wrong, especially near the 
margms Such a map is called equivalent, or equal- 
area, or homolographic 

It is not possible to construct a graticule so that the 
map shall be both orthomorphic and equal-area, but the 
hues of latitude and longitude may be so drawn that, 
while the map is neither orthomorphic nor equal-area, 
it IS not very seriously wrong m either sense 

The chief methods of drawmg the graticule of parallels 
and mendians may be classed under four heads for 
convenience of study 

1 Projection on a plane which is tangent to the 

sphere, or on a section plane of the sphere 

2 Projection on a cylmder which is tangent to the 

sphere — ^that is, on a tangent cylmder, or more 
rarely on a cyhnder which is imagmed to cut 
the sphere 

3 Projection on a cone which envelopes the sphere 

and which is tangent to it, or on a cone which 
may be imagmed to cut the sphere 

4 The graticule is drawn accordmg to an arbitrary 

or conventional plan, so as to secure some special 
phase of accuracy or ease of construction, and 
the method cannot be called a projection m the 
stnct geometrical sense The networks drawn 
accordmg to the plans of groups i, 2, 3 are 
frequently so far modified by adjustmg or re- 
drawmg some or all of the hnes that the method 
IS no longer a true, simple projection, and the 
graticule passes more or less completely mto the 
fourth group Examples will appear m thesequel 
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Class 1 Projections on a Plana — There are sub- 
groups of this general class In the first group the plane 
of projection is a tangent plane, and the point of origin 
or focus of projection is the centre of the sphere This 
IS called the Gnoniomc or Central Projection A common 
position of the plane of projection is the tangent plane 



at the pole, and it is then called the Polar Gnomomc 
Projection From Fig 78 it will be readily seen that 
the graticule can only be constructed to show less than 
a hemisphere The projection is neither orthomorphic 
nor equal-area, and the e'^aggeration beyond 30° from 
tlie centre of the map is too great for it to be widely used 
The azimuths or angular directions of pomts from the 
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centre of the map are correct, and this polar gnomonic 
projection gives a moderately good network for not 
more than 30° round the pole 

The plane of projection may be other than the plane 
tangent at the pole, but the latter is commoner than 
the other cases 

In another sub-group the point of origin or focus is 
on the ojiposite side of the sphere from the tangent 
jilane, and at the other end of the diameter which is 



at right angles to the projection plane This is the 
SfocogtapJnc projection It is an orthomorjihic pro- 
jection , the meridians and parallels intersect at right 
angles, and small are.is ha^e the same shape on the 
map that the}^ have on the earth’s surface As in the 
case of the gnomonic there are three aspects possible, 
depending on the position of the tangent plane of 
projection , they are known as polar, mendian, and 
horizontal — terms w'liich wall be best understood by 
reference to Figs 79 and 80 



4SS 


Fig So — ^The Hemispheres, drawn on Lambert’s Meridian Zenithal Equal- Area Projection 
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The gnomonic and the stereographic projections 
have one important property in common , they pre- 
serve correctly the azimuths or angular directions of 
places from the centre of the map, i e , the point of 
contact of the tangent plane On this account they are 
often called Azimuthal Projections They are also 
called Zenithal — a name which is generally preferred 
because it is easier to pronounce 



Fig 8i — Lambert’s Polar Zenithal Equal Area 
Projection 

Modifications of these zenithal projections are fre- 
quently used , they are made by adjusting the parallels 
to obtain some desired property The Zenithal Equi- 
distant Polar Projection has the concentric circles repre- 
senting the parallels drawn at the correct distances, 
from the centre of the map, according to scale The 
Zenithal Equal-Area Projection (Figs 37, 80 and 81) 
is drawn with the distances between the parallels so 
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arranged that the area enclosed by any given parallel 
IS equivalent to the corresponding area on the globe 
The parallels in the case of the Polar Zenithal Equal- 
Area Projection are nearer to each other the farther one 
proceeds from the pole This Projection is known as 
Lambert’s Zenithal Equal-Area Projection , it is widely 
used in atlases, especially with some point other than 
the pole as the centre of the map 
The focus of the gnomomc projection is the centre of 



Fig 82 —Orthographic Meridian Projection 

the sphere , that of the stereographic projection is a 
point on the opposite side of the sphere Now let the 
focus of projection be removed to an infinite distance , 
the lines of projection become parallel and the Ortho- 
graphic Piojcchon is obtained This is another vanety 
of zenithal projection In the meridian or equatonal 
form (see Fig 82) the longitude lines are crowded to- 
\\ ards the lateral edges of the map and the latitude lines 
towards the poles , hence there is much distortion of 
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shape This projection cannot be used for more than a 
hemisphere The Orthographic Projection (Fig 83) is 
sometimes used for polar maps showing only a few 
degrees from the pole, and also for equatorial regions 
involving no great extent of longitude , otherwise this 
projection is seldom used m geography 

An ordinary stereographic projection shows enlarge- 
ment of area at the edge of the map, whilst an Ortho- 
giaphic projection shows compression towards the edge , 
there must be a point somewhere between the stereo- 



Fig 83 — Orthographic Polar Projection 


graphic focus and infinity which will give a minimum 
error In Sir Henry James’ Projection the focus is at a 
point I 367 times the radius of the sphere from the 
centre of the sphere Other foci of projection for different 
amounts of the surface of the sphere and for different 
positions of the section plane of projection vary between 
I 367 R and i 71 R These are called Minimum Error 
Projections (Fig 84) 

Class 2 Cylindrical Projections — A cylinder can be 
opened out into a plane , it is said to be developable 
A cylinder is imagined to be tangent to the sphere, and 
points and lines on the sphere are projected upon it , 
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then the cyhnder is opened out into a rectangle A 
little consideration will show that in all ordinary 
cylindrical projections the mendians of longitude will 
appear as parallel straight lines — that is, they remain 
at equal distances apart instead of convergmg towards 
the poles 

The Simple Cyhndiical Projection is illustrated by 
Fig 85, from which it will be seen that m high latitudes 



Fxg 84 — Africa, on a Minimum Error 
(C iARKr’s Perspective) Projection 


The focus IS dist'int i 625 R 

there is enormous exaggeration of latitude in addition 
to the usual longitude exaggeration This projection 
IS seldom used in practice 

In the projection just described the focus is the centre 
of the sphere If instead of this the lines of projection 
are drawn from the axis of the sphere at right angles, 
these projection Imes will obviously be parallel and wiU 
strike the enveloping cylinder at nght angles This 
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gives the Cylindrical Equal-Area Projection (Fig 86) A 
well-known theorem m solid geometry proves that the 
parallels thus drawn cut off equal areas from the sphere 



Fig 85 — Simple Cylindrical Projection 



Fig 86 —Cylindrical Equal Area Projection 


and the circumscribing cyhnder If the cylinder has 
the same height and the same diameter as the sphere, 
then the areas of the curved surfaces of the sphere and 
cylmder are the same This projection is therefore an 
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equal-area one The distortion m high latitudes is, 
however, so great that it is of little use except for a 
narrow belt in low latitudes 
The Eqmd'istani Cyhndiical Frojeokon — ^This is a 
conventionally dra\vn projection The meridians are 



Fig S7 —Equidistant Cylindrical Projection 


drawm as in the other cylmdncal projections, and the 
parallels are dravm at equal distances apart Assummg 
the earth to be a sphere, the " projection " becomes a 
rectangle made up of a series of squares (Fig 87) 

The best-knovm cyhndncal projection is the modified 
one so well knovm as Mercator* s Projection^ or the 
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Cylindrical Orthomorphic Projection In this graticule 
the exaggeration of latitude distance is made equal to 
that of longitude, this adjustment bemg the necessary 
condition of orthomorphism Round any given pomt 
the exaggerations of latitude and longitude are the same , 
for example, m 30° latitude the exaggeration of longi- 


tude distance is 


2 n/3 


, and the latitude is mcreased m the 


same ratio It is clear that here the exaggeration of 


area is( — At 45° the exaggeration of both 

o 

latitude and longitude is J2, and the area is therefore 
twice what it should be In 60° the actual width of a 
degree of longitude on the sphere is half its width at the 
equator , but owmg to the parallehsm of the meridians 
it IS made of the same width as at the equator, or the 
exaggeration of longitude is 2 To mamtam the prm- 
ciple of orthomorphism the latitude is mcreased m the 
same ratio — that is, multiphed by 2, and areas m this 
latitude will be four times what they should be In 
latitude 75° both latitude and longitude are 3 86 times 
their real lengths, and areas are (3 86)^ or approximately 
14 9 times then real size , this shows how very unsuit- 
able a map on Mercator’s Projection is for lands m high 
latitudes The reader should compare on such a map 
the areas of the three islands, Ceylon (25,400 sq miles), 
Ireland (32,000 sq mdes), and Iceland (40,000 sq miles), 
and he will be impressed by the exaggeration of area 111 
high latitudes Most emphatically this projection is 
unsuitable for a world map showing the British Empire 
The merit of a Mercator map is that it is orthomorphic, 
and consequently directions from a point to any other 
are correctly represented Hence maps with t^s net- 
work are useful m navigation, and for the representation 
of the direction of winds and ocean currents on world 
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maps The shapes of local features, such as lakes, 
small bays, etc , are correctly represented , but a large 
country or a continent shows too great an exaggeration 
in its poleward parts Within 30° on either side of 
the equator the projection may well be used for maps 
such as ocean routes See Fig 88 
The last modified cyhndncal projection to be men- 



PiG 88 — Thf Atlantic Ocean on Mercator’s 

PROjrCTION 

tioned is Gall's, where the cylinder is supposed to cut 
the sphere at equal distances on each side of the equator 
— for example, at 45° N and 45° S The cylinder of pro- 
jection is thus let into the sphere, and the graticule is 
projected stereographically It is therefore known both 
as a cjlmdncal and a stereographic projection The 
latitude exaggeration is not so great as in Mercator's 
nct\\ork, but in the part '* ^Mthm the sphere" the 
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lonptude is constncted See, for example, the narrowed 
shape of Africa on world maps usmg this projection, and 
see Figs 22 and 23 

Class 3 Conical Projections — ^A cone may also be 
developed or opened out into a plane , therefore the 
network of lines and the points on the sphere are often 
projected upon a cone Suppose a cone represented by 
OPQ IS placed on the sphere touching it at PQ (Fig 89), 



Fro 89 — SiMPin Conical Fig 90 — Modified Conical 

Projection Projection 


and having its apex on the axis of the sphere produced 
It IS evident that the relative positions of points on the 
small circle PQ of the sphere will be correctly represented 
on the circular arc of the cone when it is opened out Let 
PQ be, for example, in latitude 30° N , then aU pomts 
in that latitude will be correctly represented Draw 
AF and AG, makmg angles of 60° with the equatonal 
plane, cutting the sphere m / and g , the small circle 
fg on the sphere will be represented by the circle FG 
on the cone Similarly d and e on the equatonal diameter 



AND CARTOGRAPHY 


465 


will be projected as D and E on the cone , and the circle 
containing D and E on the cone will be the exaggerated 
representative of the equatonal circumference of the 
sphere In this simple case PQ is called the standard 
parallel, and m the case of an ordmary comcal projection 
the mendians are Imes drawn from points on this 
standard parallel to meet at the apex of the cone 
This simple conical projection is neither orthomorphic 
nor equal-area , it is rarely used m this xmmodified form 
The more usual conical projection with one standard 
parallel is modified by makmg the concentnc parallels 
of latitude the correct distances apart Begmmng at 
the point where the cone touches the sphere, pomts are 
marked off northwards and southwards at correct 
distances for, say, every 10® or 15° on the central 
mendian, and hnes of latitude are drawn parallel to the 
standard parallel The mendians are drawn through 
the correct pomts on the standard parallel and at right 
angles to it It vnU be noticed that on this modified 
projection the pole is represented as a circle and is not 
at the apex of the cone ^ig 90) 

In another modified conic^ projection two standard 
parallels are drawn at a correct distance apart, accordmg 
to the length of arc between them (compare Gall's 
Cyhndncal Projection) The projection is then the same 
m method as the simple one descnbed above The scale 
is correct on the two standard parallels , between them 
latitude distance is diminished and outside them it is 
exaggerated This form of projection is more widely 
used than that \vith one standard parallel Several 
modifications are possible which depart from true pro- 
jections If the exaggeration of latitude be made pro- 
portional to that of longitude, then the projection 
becomes orthomorphic , but if the exaggeration of 
longitude extension be compensated by a correspondmg 
30 
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decrease in latitude extension, the " projection ” becomes 
an equal-area one This last projection is widely used 
In all these conical projections, whether with one or 
two standard parallels, the latitude hues are parallel 
to each other and the meridians are straight hnes at 
nght angles to all the parallels An interestmg modifica- 
tion as regards the drawing of the meridians gives 
Bonne's Projection, which is dealt vuth under Class 4 
The Polycomc Piojectwn — In this important modifica- 
tion we imagine a succession of tangent cones with their 
apices on the axis of the sphere produced A series of 
standard “ parallels ” or hnes of latitude with different 
radii results, and these circles are no longer parallel to 
each other The mendians are not straight hnes, but 
smooth curves passing through the successive latitude 
lines at the correct points The central meridian is a 
straight line at right angles to all the circles of latitude 
The polycomc projection forms the basis of the Inter- 
national Map on the scale of 1 1,000,000 , but in 1909 
a modification was introduced by making some of the 
mendians slightly longer than the correct length The 
sheets cover 6° of longitude by 4° of latitude, and the 
mendians 2° E and 2° W of the central meridian of 
the particular map are made of their true length 
The Rectangular Polycomc Projection — ^This modifies 
the conical projection still further The latitude hnes 
are drawn as m the polycomc projection One of these 
is selected as a standard, and is divided correctly for the 
meridians , then the latter are drawn as curves passmg 
through the pomts thus obtamed and cuttmg all the 
other latitude lines at nght angles This graticule 
(which IS clearly far removed from a projection m the 
strict sense) has been much used by the War Office 
in recent years AU such " projections ” are con- 
structed from tables 
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Class 4: “ Conventional Graticules — In this class the 
networks of lines of latitude and longitude are drawn 
according to some plan without any reference to “ pro 



Fir 91 — North Amfrica, drawn on Bonne’s Projection 

The ccntril mendnn is 95“ W , other meridians and parallels 
being at 15“ interYals 

joction from either a focus or an a\is , the}^ are not 
stnetty projections at all m the geometrical sense 
Four well-knoun examples of these conventional net- 
\\ orks \\ ill be described here 

Bonne's Projection — A standard parallel is first of all 
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drawn as in the conical projection , then the othei 
parallels are drawn at true distances on the selected 
scale, north and south of the standard parallel The 
meridians of longitude are then drawn arbitrarily as 
follows suppose it is required to insert them at inter- 
vals of 15° of longitude Select one standaid meridian 
which will be drawn at nght angles to all the parallels 
Then from this standard meridian mark off on each 



Fig 92 — Sanson -Flamsteed (or Sinusoidal) 
Equal-Area Projection 


parallel of latitude the correct longitude distance corre- 
sponding 10 15° for that latitude Draw curi’^es through 
all the points so determined , these curves represent the 
meridians The selected mendian cuts all the parallels 
at right angles , the standard parallel cuts all the 
meridian curries at nght angles This is an equal-area 
projection which is ver^^ widely used (Figs 36 aud 91) 
The Sanson-Flainsteed Piojechon — Suppose in Bonne’s 
Projection, mstead of selectmg a curved standard paraUel 
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as developed on a cone, we take the equator as the 
standard and make all the other conditions as m Bonne’s 
Projection , then the parallels will all become parallel 
straight hnes and each meridian becomes part of what is 
called in mathematics a sme curve This projection is 
often called the Smusoidal Projection , like Bonne’s, 
of which it IS a modification, it is an equal-area one and 
IS ver}'^ vadely used, as will be mentioned later (Fig 59) 
Mollweidc's Homolog} aplnc Projection — This is also 



Fig 93 — The World, on Mollweide’s Homolographic 

PROJ^CTIO^ 


an equal-area projection which represents the whole 
earth as an ellipse The major aNJS, ^^hlch is to represent 
the earth’s equatorial circumference, is made t\vice as 
long as the minor axis which is to represent a mendian 
from pole to pole (In world maps the earth is usually 
taken as a sphere ) The major axis will thus represent 
the equator and the minor axis the central meridian 
The other inendians are drawm as follows the true 
distances to the selected scale are marked on the 
major axis, and for each mendian an ellipse is drawm 
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through each of these points and the two poles Ihe 
meridians 90° E and 90° W will obviously be semicircles 
(Fig 93 ) 

The parallels of latitude are straight lines parallel 
to the equator , their position is determined by a some- 
what difficult mathematical calculation The necessary 
values from which one can draw the network may be 
obtained from man}’’ books of mathematical tables 



Fig 94 — Glohulak Projfction 

With Longitude 75° E ns ccntnl mcndi'in nnd mcndiins and 
parallels'll 15° intervals 

It Will be seen that the distances between the parallels 
decrease from the equator to the poles Compare with 
the Sanson-Flamsteed Projection, where the parallels are 
equidistant throughout 

The Globular Projcctwii — ^This is a network which is 
very easily constructed, and is occasionally used in 
atlases for maps of the world in hemispheres Its 
simplicity of construction is almost its only recom- 
mendation It is drawn as follows A circle is drawn 
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to represent each hemisphere , the honzcntal diameter 
represents the equator and the vertical diameter the 
central mendian The equatonal diameter is divided 
into equal parts to represent degrees of longitude, the 
central mendian into correspondmg equal parts to 
represent degrees of latitude The quadrants of the 
circumference are similarly divided The points thus 
obtamed are used to draw arcs of circles which will 
represent meridians and parallels In Fig 94 the pro- 
jection IS drawn with hnes of latitude and longitude 
at every 15° The reader will have no difficulty m 
following the construction 


Some notes on the use of a few of the best known 
projections generally found m modem atlases 

Class i — (i) La^nhert's Equal- Area Zenithal {Polar) — 
This IS often used for maps of polar regions The 
maps generally extend to 40° from the pole, but occa- 
sionally one IS seen which takes in a hemisphere with 
the pole as centre The mendians are radial straight 
lines, and the Imes of latitude are concentnc circles 
whose distances apart diminish towards the edge of the 
map See Fig 81 

(2) Lambert's Equal -Area Zenithal [Meridian) — 
This IS frequently used for the world in hemispheres, 
the central pomts bemg on the equator, and at 70° E 
and no® W respectively The equator and the central 
mendian are straight Imes cutting each other at nght 
angles The equator cuts the curved mendians at nght 
angles, and the central mendian cuts the elhptical 
“ parallels ” at nght angles This is a good projection 
for hemispheres, as the shapes of regions towards the 
edges of the map are not greatly distorted See Figs 37 
and 80 
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{^Lambert’s Equal -Area Zenithal {Horizontal) — 
This IS often chosen for maps of Asia, or the North 
Atlantic, or similar regions The distortion towards 
the edge of the map is less than if Bonne’s Projection is 
used For a map of Asia the centre of the map may be 
at 40° N , 90° E 

(4) Zenithal Equidistant Projection — ^This is a common 
network for maps of the polar regions The mendians 
are straight hnes meeting at the poles , the parallels 
are concentnc circles at equal distances apart It is a 
good projection if maps are not earned more than 40° 
from the pole 

Class 2 The Cylindrical Group 

(5) Gall's Projection — ^This is now very widely used 
for maps of the world, and for general atlas maps it is 
better than Mercator’s Projection The exaggeration 
in latitude is not great up to 60° See Figs 22, 25 
and 26 

(6) Mercator’s Projection — ^This is a network that 1 
still in common use for maps of the world, and un- 
fortunately for many maps where the great exaggera- 
tion of area m high latitudes is a senous drawback It 
IS, of course, allowable for manne charts, and it is 
suitable for general maps of a not too wide belt on each 
side of the equator See Fig 88 

Class 3 — (7) The Conical Projections — ^This is the 
most widely used class of projections for separate 
countries and for smaller contments or regions similar 
m size to Europe, eg the West Indies The modified 
comcals, with one or two standard parallels, are both m 
common use The parallels are arcs of concentnc circles, 
and the mendians are straight hnes at nght angles to 
the parallels See Figs 89 and 90 

(8) The Polycontc and Rectangular Polycomc Pro- 
jections — ^These are commonly used for larger scale 
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maps of topographical surveys The hues of latitude are 
no longer parallel to each other The reader may be 
reminded that the International map is drawn on a 
slightly modified form of the Rectangular Polycomc 
projection 

Class 4 — Conventional and Arbitrary Pro- 
jections 

(9) Bonnets Projection — ^This is now one of the most 
Widely used projections m modem atlases It is used 
most for North Amenca, the United States, Canada, 
Austraha, India, and sometimes for Asia and for Europe 
It is not nearly so smtable for Asia as the Zenithal 
Equal-Area Projection It is occasionally used for maps 
of the British Isles, and for parts thereof, but it does not 
seem to possess much advantage over the more com- 
monly used comcal projection with two standard 
parallels Probably it is the equal-area property which 
accounts for its use in these cases 

Bonne's Projection may be recognised by the parallels 
being actually parallel and at equal distances apart, 
and by the pecuhar curvature of the mendians The 
central men^an cuts all the parallels at nght angles , 
the (selected) standard parallel cuts all the mendians 
at nght angles See Figs 36 and 91 

(10) The Sanson-Flamsieed Projection — ^This is the 
standard projection for Africa, South Amenca, and some- 
times for such maps as the Atlantic 

The region should be cut by the equator and should 
not have a too wide extension m longitude, hence it is 
not very satisfactory for such maps as Oceania The 
parallels are all straight Imes at equal distances apart , 
the mendians are curved hnes, as m Bonne's Projection 
Sec Figs 20 and 92 

(11) MoUijCctde*s HomolograpJnc Projection — ^This 
elliptical projection is now very common in atlases 
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and for wall-maps of the world Like Bonne’s and 
Sanson-Flamsteed's, it is equal-area , the drawback is 
that penpheral parts are so greatly distorted m shape 
It has been used with good effect in some recent atlases 
for maps of hemispheres, where the distortion is not 
so great For this purpose the Zenithal Equal-Area 
(Meridian) would appear to be better, as the distortion 
m shape is decidedly less 

The MoUweide Projection may be recognised by its 
elliptical mendians, and by its lines of latitude being 
parallel straight lines which are closer together towards 
the poles See Figs 21, 35, and 93 
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Table of Chief Igneous Rocks 



According to Chemical Composition 

Acid, 

over 

65 TCr cent. 
£lihca« 

Intermediate^ 

55-65 per cent Silica, 

Basic, 

below 

55 per cent. 
Silica 

Sub acid Sub basic. 

According lo mode of origin or position 
With respect to earth s surface 

Volcanic or 
Superfiaal 

Lavas 

Rh> elites 
and 

Ltparites 

Trachytes Andesites* 

and 

FbonoUtes. 

Basalts. 

Minor intrusive 

SiHs, necks, 
d>kes, etc. 

Minor acid 
intrusions 

Elvans. 

Mica traps. 

M incites, 
Porphynes, and 
Porphyrites 

Dolenies 

Plutonic or 
deep-seated 

Large bosses 
and other large 
masses of deep 
seated ongin 

Granites. 

Syenites Dionles. 

Gabbros. 


Igneous Rocks may be classified according to their 
composition, and as the names m common use depend 
upon the chemical and mineral composition, it is neces- 
sary to indicate very briefly the basis of the classifica- 
tion The commonest chemical compound present in 
Igneous rocks is Silica, or oxide of silicon, SiOg This 
constituent is comparatively easy to estimate by 
analysis, and hence it is used as a basis of classification 
Those rocks which contain a very large proportion of 
silicia are known as Acid, those with a relatively low 
proportion are Baste, and those with an mtermediate 
proportion are known as Intermediate 
Ihus, by combining both the ultimate chemical 
composition and the mode or circumstance of origin, 
may make a table which includes the best known 
kinds of Igneous rocks, and which is sufficiently elaborate 
for the geographer 
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Table of the Systems of Sedimentary Rocks with 
SOME British and other Examples 


Group. 

i 

System 

Examples 

Prominent 
Life forms 

Cainozoic 

OR 

Tertiary 

1 

Pleistocene 
and 1 

Recent 1 

Alluvial deposits of the Fen- j 
1 ands River gravel s 

Old sea beaches Glacial 
deposits Peat beds 

Man and pre- 
sent day am 
mals appear 


s 

1 

Pliocene ^ 

c 

y tiQ 
o 

Gravels, sands, etc , of 
East Anglia, Thick 
nianne beds of the Apen- 
nines 



dj 

Miocene 

/ 

No undoubted British ex- 
amples Swiss conglome- 
rates of Rigi, etc j 



\ 1 

Oligocene j 

0) 
c 

(U 

bo 

Sands, clays, etc , of Hamp- 
shire Basin U pper beds 
of Pans Basin Lower 
Fresh tvater Molasse of 
Switzerland 



y o 

M 

'rt 

Eocene 

y 

Sands, gravels, clays, etc , 
of London Basin Lower 
beds of Pans Basin 
Nummuhtic limestone of 
the Alps 

... - i 

Mammals be- 
come \ ery 
common, 
and vaned in 
type 

Mesozoic 

OR 

Secondary 

Cretaceous 

i 

1 

Chalk of Downs, Chilterns, 
FHmborough, etc 
Greensand, Gault clay, 
Wealden beds Quader 
Sandstone of Saxony 

1 Lower Flysch sandstones 

1 of Vienna Basin 

Birds appear i 

1 
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Group 

System 

Examples 

Prominent 

Life forms 

Mesozoic 

OR 

Secondary 

{conituutd) 

Jurassic. 

Limestones of Portland, 
Bath, etc Sandstones 
of North Yorkshire Ox- 
ford day Shales and 
hmestones of Whitbyand 
of Lyme Regis Lime 
stones, etc , of Jura, 
Plateau de Langres 
Ironstones of Cleveland, 
Lincolnshire, North amp 
lonshire, Wiltshire, Pla 
teau de Langres Lor 
raine 

Reptilean life 
very vaned 
and in great 
profusion 


Tnas or 
Tnassic 

New Red Sandstone of 
Cheshire and the Mid 
lands Salt deposits of 
Cheshire. Limestones 
of the Tyrol 

Mammals first 
appear 

Palaeozoic 

(Upper) 

Permian. 

i 

Red Sandstones of North 
Nottinghamshire Dolo- 
mitic limestone of Dur- 
ham, Yorkshire, and 
Nottinghamshire. Some 
pebble beds of Midlands 
Zechstein of Germany 
Sandstones, shales, and 
limestones of Perm in 
Russia. 

Reptiles ap 
pear 


Carboniferous 

Sandstones, shales, and 
coal seams of the coal- 1 
measures of Britain, 
France, Belgium etc 
Oilshales of Scotland 
Millstone Gnl of the 
Pennmes Pennant Gnt 
of South Wales Lime 
stones of Pennmes, North 
Wales Mendips, Central 
Irish Plain 

Amphibia ap 
pear Plant 
life varied 
and profuse 

' 


DesonUin 

Limestones, slates, etc., of 
Ilfracombe South De\on 
Cornwall Old Red Sand 
stone beds of Cheviots, 
Central and North East 
Scotland Limestones of 
Eifel and Middle Rhine. 

Fishes V eiy 
common 
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Group 

Paleozoic 

(Lower), 


System 

Examples 

Prominent 
Life forms 

Silunan 

1 

Sandstones, limestones, and 
shales of the Welsh 
Border Comslon Flags 
and Grits (Lake District) 
Kirby Moor Flags Lime- 
stones of Gothland 1 
Shales, etc., of Bohemia 

Fishes appear 

Ordovician 

1 

Sandstones, shales, and 
some limestones of Cen 
tral Wales and Snowdon ; 
Vol canic rocks of Borrow- 
dale (Lake District) ' 
Skiddaw Slates Shales 
in Southern Uplands of! 
Scotland Shales and 
limestones of Southern 
Scandinavia, 


Cambnan 

Slates, sandstones, con- 
glomerates of North 
Wales Slates and quart- 
zites of Nuneaton Rocks 
of various types in Mal- 
vern and Wrekin dis 
tnets Durness lime 
stone in N W Scotland 

All the classes 
of inverte- 
brate animals 
present 

Pre Cambnan 

Sandstones of Longm}nd 
in Shropshire, and Loch 
Tomdon m N W Scot- 
land 

Fossils only 
very obscure 
j and doubtful 

Archsean 

Schists, gneisses, quartzites 

1 of HighlandsofScotland, 

1 N W Ireland, parts of 

! Anglesea, Chamwood 

Forest. Metamorphic 

rocks of Scandinavia, 
St Lawrence regon of 
Canada 

No undoubted 
life traces 











QUESTIONS SELECTED FROM THE EXAMINA- 
TION PAPERS IN GEOGRAPHY SET BY VARI- 
OUS WELL-ICNOWN EXAMINING BODIES 

The student is recommended to spend considerable 
time m this senes of questions It is hoped they wiU 
serve the double purpose of assisting him to fully 
understand and assimilate what he has read, and 
stimulate him to thought which may CBrry him beyond 
the limits of the book It is not pretended that every 
question may be fully answered from this book , and 
it IS exactly those questions which are worth the more 
senous consideration of the student 

A study of question 6o on an isothermal line — usmg 
a good map showing those Imes — ^iviU help the student 
to grasp fully some of the most important factors of 
climate So also a study of the thoroughl\^ good 
question 137 is one of the best possible exercises In 
stud3ang a question such as 113, the student will be 
considerably helped by making a ** graph of the rainfall 
for the three places These are, of course, only examples 
To the keen student other methods will readily occur 
To the student who wishes to see fuller collections of 
questions it may be pointed out that some of the senes 
are published regularly m book or pamphlet form 
The papers set at OMord Senior Local and Oxford 
Higher Local are pubhshed by the Oxford University 
Press , those set at the various London University 
Examinations are published tn cxienso by the London 
Umversitv Press, Ltd , St Paul's House, Warwick Square, 
London, E C — ^from whom they may be obtained 
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QUESTIONS 

STRUCTURAL GEOGRAPHY 
OXFORD SENIOR LOCAL 

1 " Lakes are transitory features of a region “ 
Explain carefully why this must be so What are the 
various economic uses of lakes ? Give examples 

OXFORD HIGHER LOCAL 

2 Compare the distribution of land and sea m the 
Northern and the Southern Hemispheres State some 
of the consequences of these facts 

CAMBRIDGE SENIOR LOCAL 

3. Descnbe the physical characters of the west coast 
of Ireland, and point out any resemblances and differ- 
ences between it and the west coast of Scotland 

4 Descnbe and explain the charactenstic features 
of the pnncipal t5q)e9 of coast-hnes, and mention an 
example of each 

5 Describe the physical character of the coastal 
region of the United States between Flonda and the 
Bay of Fundy, and show how it has influenced the 
progress of colonisation and subsequent development 
of the country 

6 Descnbe the mountain systems of South America 

7 Give some account of the Lakes of Asia 

UNIVERSITY OF LONDON • MATRICULATION 

8 Give an account of the Geographical distnbution 
of active and recently extmct volcanoes Descnbe the 
charactenstic features of a volcanic distnct 

9 Give an account of the distnbution of volcanoes 
in the Pacific region Describe the charactenstics of 
some of the more important volcanoes of that region 
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10 Descnbe and explain, as far as you can, the 
physical character of the west coast of the main- 
land of Europe, from Southern Norway to Bnttany 
(excluding the Baltic coast) 

11 Descnbe the physical characters of the Mediter- 
ranean Sea and its northern coast Compare the 
Mediterranean Sea with the Gulf of Mexico 

12 Descnbe, or show by a sketch-map, the position 
of the chalk hills around the London Basin on the north, 
west, and south Indicate the places where the mam 
Imes of railway cross this chalk nm 

13 Give a descnption of the charactenstics of the 
mountain systems of Europe 

14 Give a descnption of the charactenstics of the 
mountain systems of Asia 

15 What are the principal t3rpes of mountams ^ 
Mention examples of each Explam, as far as you can, 
the way in which each type has been formed 

16 Write an account of the physical geography of 
the Himalaya 

17 Descnbe the physiography of the Highlands and 
Western Islands of Scotland 

18 Descnbe the pnncipal types of mountam structure 
and give illustrations of each 

19 Explain the structure of the Weald, and its 
relation to the drainage system of the area 

20 In what regions of the vorld does the drainage 
find no outlet to the sea ? Descnbe the characteristics 
of one of these regions 

21 Descnbe the charactenstics of the pnncipal iype^ 
of lakes Iklention an example of each type 

22 Descnbe, and, as far as you can, account for the 
position of the chief lakes of Ireland, mentioning the 
rivers with v hich each is connected 

23 Descnbe the conditions necessary for the forma- 
tion of (a) a delta , (6) an estuary Illustrate 3^our 
answer by reference to examples 

24 In w hat w Bys have plains been formed Descnbe 
the characteristics of extensive plams m Europe and 
North Amenca 

31 



482 


APPENDIX 


25 What IS " loess ” ? What do you know of its 
distribution in Europe and in Asia ? 

26 Descnbe bnefly the extent and character of the 
Continental Shelf on winch the Bntish Isles are situated, 
and state what advantages these islands receive from 
such a situation. 

UNIVERSITY OF LONDON INTER SCIENCE, 
ECONOMICS 

27 Correlate the coastal features of the Eastern 
States (USA) with the character of the land behind 
them 

UNIVERSITY OF LONDON INTER ARTS 

28 Descnbe the Contmental Shelf and discuss its 
economic importance 

UNIVERSITY OF LONDON B A 

2g Discuss, with illustrations, the importance of the 
conception of an erosion (or topographical) cycle in the 
study of land forms 

30 Draw a map and sections of the Pennme Chain of 
England to show its limits, divisions, and shape Point 
■out how the topography has determmed the course of 
the chief railway routes across it 

31 Descnbe and account for the shapes of the sides 
and bottoms of Alpine valleys, and the development 
of such a valley system as that of the Rhone basin above 
the Lake of Geneva or of the Rhine basin above the Lake 
of Constance 

32 Descnbe the two great mountain nodes of Asia, 
and the courses of the mountam S3^tems which meet m 
them 

33 “ Between the Bay of Biscay and the mam streams 
of the Vistula is a succession of blocks and basins bordered 
on the north by lowlands which nse to the heights 
frmgmg the Enghsh Channel, the North and BMtic 
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Seas ” Discuss this statement and show how far it 
can be justified 

34. Compare the physical features of the Alps with 
those of the Scandinavian Highlands, and account for 
both resemblances and differences 

35 Descnbe the character of the chalk-scarped ridges 
m the South of England, and of the gaps through them, 
noting the utihsation of these gaps as Imes of movement, 
and the position of the more important gap towns 
Illustrate your answer by a sketch-map 

36 Descnbe the structure and physical history of the 
north German Plam, and trace its mfluence upon the 
direction of the nvers which cross it 

j 37 Wnte an account of the various types of Lake 
Dasins and give examples 

38 Distmguish between the Atlantic and Pacific 
types of coast, and give any explanation you can 
1 39 Compare North Amenca, east of the Rocky 
dountams, vnih Europe west of the Urals and north 
>f the Alps, as regards physical structure and con- 
figuration 

40 Descnbe the shape of the ndges and valleys and 
their general arrangement m such a mountam system 
as the Central Alps, and give as full explanation as you 
can of the phenomena desenbed Draw plans, profiles, 
and sections to illustrate your answer 

CLIMATIC GEOGRAPHY 
OXFORD SENIOR LOCAL 

41 Name and descnbe the planetary wund sj^tems 
of the Northern Hemisphere What are the causes 
winch modify the planetary circulation in Western 
Europe ^ \%at modifications occur {a) m January? , 
(6) m Jn\y ^ How do yon account for (c) a strong 
w esterly gale m the English Channel , [d) a dry east 
wand in Norfolk "> At what times of the year are these 
most hi ely to occur ? 

42 In the Southern Hemisphere the three Contments 
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have each an and region near the West Coast Name 
the regions and state the causes of their aridity 

43 What are the chief factors which determine {a) 
the winter temperature of the Bntish Isles , (6) the 
rainfall of Southern Europe ^ 

44 From West to East, Canada may be divided mto 
three climatic regions diffenng both m temperature and 
m rainfall Where would you draw your dividing line ? 
Describe in general terms the distnbution of (1) the 
temperature , (11) the rainfall of each region 

OXFORD HIGHER LOCAL 

45 What are the chief factors controlhng the chmate 
of South Afnca ? Explam fuUy why most of the ram 
falls during the warmer months of the year 

CAMBRIDGE SENIOR LOCAL 

46 What parts of the Bntish Isles are (fl) wettest , 

(6) driest , (c) warmest m summer ; {d) coldest in 

winter , (e) of least range of temperature ^ Hov 

would you account for the difierences ? 

47 The average January temperature of Cambridge 
is 38° F , of Cardigan 42° F The average July tern 
perature of Cambridge is 63° F , of Cardigan 60° F The 
mean annual rarnfaU of Cambndge is about 25 ms , of 
Cardigan more than 40 ms Both of these towns are 
situated about 52° N Lat Account for these differences 

48 The average January temperature of the Orkneys 
is about the same as that of the Isle of Wight (4o°-4i° F ) 
but the average July temperature of the Isle of Wight is 
over 62° F , while that of the Orkneys is less than 55° F 
What explanation can yon offer ? Which of these places 
has the heavier rainfaU and why ^ 

49 Give some account of the differences in tempera- 
ture and rainfall m different parts of the British Isles 

50 Contrast the chmates of Glasgow and Moscow as 
regards (1) summer temperature , (u) wmter tempera 
ture, (ill) rainfall, accounting for the differences thal 
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are found Give the latitude of Moscow, and say what 
IS the time there when it is noon at Greenwich 

51 Descnbe and account for the charactenstics of 
the Mediterranean type of climate, and mention the 
prmcipal regions of the world m which that t5^e 
occurs 

52 Contrast and account for the chmates of the east 
and west coasts of Canada 

53 It has been pointed out that Japan has a very 
different climate from that of Britam, the European 
country with which it is most frequently compared 
Descnbe the climate of Japan, and how it differs 
from that of Bntain Explam bnefly the causes or 
conditions which determme the climate of Japan 

54 Give some account of the climate of Cape Colony, 
mentioning any peculianties in its rainfall What other 
part of Afnca has a similar climate ? 

55 Contrast the climates of the Cape York Peninsula 
and the Island of Tasmania, in both cases explaining 
the causes of the climate 

56 Give some account of the climate of the southern 
part of India, with reasons for the facts you give 

UNIVERSITY OF LONDON MATRICULATION 

57 Give an account of the general arrangement of 
the winds on the surface of the earth between the 
Equator and 60^ S Where are there penodic vanations 
in the arrangements brought about by seasonal changes ? 
And why do they occur ^ 

58 Give an account of the winds and calms commonly 
expenenced m the following regions — Doldrums, Trade 
Wind Regions, Roaring Forties, Horse Latitudes, and 
draw a diagram showmg the positions of these regions 
upon the e^h 

59 How IS temperature usually shown on a map ^ 
Give a full account of the vanous steps by which you 
u ould accumulate data for a map of the July temperature 
in the Bntish Isles 

60 Trace the course of one important isothermal 
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line around the globe, and account for the principal 
peculiarities which it presents 

61 What IS an isotherm ? How do the isotherms of 
Europe (excluding the Bntish Isles) m winter differ 
from those m summer ^ Explam the difference 

62 Descnbe and account for the charactenstics of (a) 

a Mediterranean chmate , ( 5 ) a monsoonal chmate 

Give the geographical distnbution of each type of 
climate 

63 Discuss fully the fundamental considerations 
affecting the chmate of India 

64 Descnbe and account for the ramfall of South- 
East Asia 

65 Contrast, and explam, the climate of the lands 
that border the opposite sides of the Atlantic between 
51® N and 60° N 

66 Contrast with as much detail as possible the 
climate of the east coast of Australia with that of the 
west coast, giving the causes of any differences you 
mention 

67 Compare the climate of Newfoundland and 
Vancouver Island Account for the differences 

68 Describe and account for the distnbution of 
ramfall in India 

69 Describe, and account for, the distmguishing 
features of the climate of Ireland 

UNIVERSITY OF LONDON. INTER SCIENCE, 
ECONOMICS 

70 Compare the climates of England and New Eng- 
land, and explam both the resemblances and the 
differences 

71 State the essential features of a monsoon chmate, 
and illustrate their effects from (a) China and (6) Burma 

UNIVERSITY OF LONDON . INTER ARTS 

72 What factors determme the temperature of a 
region ? Illustrate your answer by reference to some 
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definite country and its temperature both m summer 
and m mnter 

73 Contrast the distnbution of temperature over 
the Bntish Isles in summer with that m wmter, and give 
the causes of the contrasts 

74 Locate, and account for, those areas m the world 
which have typical summer drought and wmter 
rams 

75 Where, and why, do you find Mediterranean 
chmates outside the actual Mediterranean basm ? 

UNIVERSITY OF LONDON B A 

76 What are the prmcipal effects of the presence of 
water or water-vapour m the atmosphere, and of the 
changes in the condition of water or water-vapour ? 
Intimate parts of the world where the effects referred 
to are very marked 

77 Mention parts of the world with a more or less 
elevated seaboard where the climate is {a) very dry , 
(6) very wet Explam the differences between the 
two 

78 Illustrate from North and South Amenca the 
precise climatic variations due to the movements of the 
wind system vnih the sun 

79 Anal5se carefully the chmates of the following 
regions and account for the resemblances and differences 
between them (a) Nigerian Sudan, (6) the Eastern 
Deccan , (c) Southern Japan 

NORTHERN UNIVERSITIES JOINT 
SLATRICULATION 

80 Descnbe and account for the distnbution of 
temperature over the Bntish Isles m summer and wmter 
respectively 

81 What parts of the Bntish Isles have {a) the 
ramiest and (i) the most equable climate ? In each 
case state why this is so 
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BOARD OF EDUCATION, CERTIFICATE AND 
PRELIMINARY CERTIFICATE 

82 Why are Western Europe, Eastern Europe, and 
the Mediterranean lands considered to be distinct 
natural regions ? Name the countries included in each 
of these natural regions and explam to what their 
distinguishing features are due 

83 In what parts of the world does a division of the 
year into four seasons seem inexact and unsuitable ? 
Wliat division would you make in these cases ? 

BIOLOGICAL GEOGRAPHY 
OXFORD SENIOR LOCAL 

84. " Grasslands are usually those regions which are 
subject either to («) great extremes of temperature or to 
{b) long droughts ” Give an example from the Bntish 
Empire of (a) and of {b) In each case bnefly descnbe 
the climate, and the products resultmg from these con- 
ditions State as accurately as possible the positions 
and limits of the areas you select 

85 Select an important wheat-growing region ir 
Canada State as fully as you can the reasons whi 
wheat is largely produced in it 

OXFORD HIGHER LOCAL 

86 Explain fully why the central part of North 
America is remarkable for {a) the great variety of its 
agricultural products and (6) the certamty of the crops 

CAMBRIDGE SENIOR LOCAL 

87 Give an account of the zones of vegetation (in 
order from north to south) in Russia, and state the 
natural products of each 

88 Give an account of the vegetation, distnbution, 
and economic importance of tropical forests m South 
Anienca 
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89 Descnbe the climatic regions of Australia 
Mention the vegetable and animal products which are 
charactenstic of each region 

90 Give an account of the rehef, chmate, and vege- 
table products of the Deccan 

91 Name (a) the prmapal wheat-growmg distnct , 
(b) the principal sheep-reanng distncts , and (c) the 
pnncipal cattle-reanng distncts m England State the 
natural conditions which favour wheat-growing, sheep- 
reanng, and cattle-reanng m the distncts you name 

92 Descnbe the physical character, chmate, and 
vegetation of the great plams of Canada 

93 Into what vegetation belts may Russia be 
divided ? Account for them and broadly indicate their 
limits Distmguish between the western and eastern 
portions of the southern belt, and give reasons for the 
difference 

94 Draw a map of Australia and mdicate the chief 
physical features Di\ude the whole area mto (a) 
torest-land and land affordmg good cattle pasture (6) 
land suitable for sheep pasture , and (c) desert 

95 In what regions of Asia are (a) tea, (J) rubber, (c) 
nee, extensively grown ? Descnbe the conditions wluch 
favour the cultivation of each 

96 In what parts of North Amenca are {a) cotton, 
(6) maize, (c) sugar-cane, extensively grown ^ Give 
an account of the conditions which favour the pro- 
duction of each 

UNIVERSITY OF LONDON MATRICULATION 

97 From what parts of the Bntish Empire do we 
obtain (fl) wine, (6) cotton, (c) tobacco, {d) silk, {e) furs ? 
Mention the climatic and other conditions necessary 
for the production of any three of these 

98 Descnbe and explam the succession of belts of 
chmate and vegetation m Russia from the VTute to the 
Black Sea 

99 Descnbe and explam the succession of belts of 
chmate and vegetation m North Amenca from the 
Arctic Ocean to the Gulf of Mexico 
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100 State and account for the sources (excluding 
North Amenca) from which the United Kingdom 
imports its chief supplies of meat 

101 Descnbe the distnbution of temperate forests, and 
compare their importance with that of tropical forests 

102 Give an account of the relief, soil, and chmate 
of the south-eastern United States with reference to 
the production of cotton 

103 Explam the relation of the climate to the 
typical vegetation of (a) France, (6) Egypt, (c) Argentina 

104 Locate, classify, and account for the chief areas 
of natural forest-lands m the World 

105 Discuss, with special reference to causes and 
results, the distnbution m Europe of the olive, sugar- 
beet, and wheat 

106 State and account for the distnbution of nee 
m the North Temperate Zone 

107 Give a full account of the conditions that favour 
the production of wheat on a large scale, and state the 
chief areas in which it is so produced 

loS WQiat conditions are necessary for the successful 
cultivation of cotton ? State accurately the areas m 
which it IS produced Through what port or ports is 
the produce of each area exported and to what destina- 
tion does it mainly go ? In what areas has production 
mcreased considerably of late ? 

109 What are the approximate limits between which 
the great forest -belt of the Temperate Zone is found ^ 
Say what you know of the character of the forest, and 
mention the chief forest products 

no In what districts of the British Isles are (1) 
potatoes, (11) flax, (111) hops chiefly gro\vn ? Descnbe 
the conditions wluch render the dlstncts you mention 
particularly suitable for such cultivation 

HI Descnbe, and account for, the position of the 
desert regions of the world 

112 From what plant is cocoa obtained ^ In what 
regions and under what chmatic conditions is the plant 
grown ? What other important commodities are grown 
in the same region ? 
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UNIVERSITY OF LONDON* INTER. SCIENCE, 
ECONOMICS 


113 The figures below state m uiches the average 
rainfall for each month of the year at the places named — 
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Explain the differences mdicated by these figures, and 
point out how differences m chmate affect the condition 
of agnculture m the regions for which the places named 
are typical 

114 Give an account of the climatic and other geo- 
graphical conditions controUmg the distribution of the 
pnncipal vegetable fibres other than cotton 

115 Mention the five pnncipal regions which supply 
the United Kmgdom with wheat or wheat-flour or both, 
and state the circumstances which bnng about the 
great fluctuations from year to year m the relative 
amounts denved from the different regions 

116 Discuss the potentiahties of Nigena as a cotton- 
growmg country 

117 State, and account for, the distnbution of the 
chief flax-growing areas, distmguishmg roughly the 
specifically ‘‘ oil ’’ from the specifically " fibre ” areas 

118 Discuss, with special reference to the Bntish 
Isles, how far the productivity of land depends on 
geological formation 

119 Discuss the character of the equatonal type of 
climate, and compare the economic condition of the 
various lands between the Equator and about 10° S 

120 Explam, with reference to chmate and soil 
conditions, the distnbution of the chief types of vege- 
tation m European Russia 



















492 


APPENDIX 


1 21 What are the essential conditions of forest 
growth ? What are the important differences between 
temperate and tropical conditions ? 

UNIVERSITY OF LONDON INTER ARTS 

122 Descnbe the essential geographic conditions 
involved m the distribution of forest, and estimate the 
relative value of temperate and tropical forests 

123 How far, and for what reasons, can you class the 
Amazon basin and the Congo basm together as natural 
regions ? 

124 From what parts of the world is rubber obtained 
at present? Descnbe the conditions under vhich it 
IS ^own, and discuss the prospects of an increased 
output 

125 Discuss the relation between the phj^ical struc- 
ture, climate, and natural vegetative regions of Russia 

UNIVERSITY OF LONDON B A 

126 Show how an and and hot climate controls the 
character of land forms and the nature of vegetation 

127 Descnbe and explain the changes in the general 
character of the vegetation which would be met with 
in a journey across Afnca from the Cape to Cairo 

128 Descnbe and explain the charactenstics of desert 
and semi-desert vegetation Point out the economic 
value of this vegetation, if any 

129 Compare and contrast the natural regions of 
Australia vath those of Afnca south of the Equator 

130 Compare Central Canada and Western Sibena 
with regard to {a) the production of wheat , (6) forest 
industnes 

131 Locate, account for, and descnbe the typical 
features of the chief areas of savana in the world 

132 Discuss the geographical distnbution of sheep 
and cattle 

133 What are the conditions required for the growth 
of cotton ? Consider carefully the possibihties of a 
greatly mcreased supply from Afnca (excludmg Egypt) 
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NORTHERN UNIVERSITIES JOINT 
MATRICULATION 

134 Descnbe the natural vegetation that is t3^ical 
of the regions with a climate like that of the Mediterran- 
ean region , and show how the most characteristic 
plants are adapted to the chmatic conditions 

135 Into what chmatic regions would you divide 
Canada ? State the essenticd charactenstics of each 
division 

136 Name the chief wheat-producing areas of the 
world, and in regard to each give the time at which the 
harvest occurs and the reason why the harvest comes at 
that particular time 

BOARD OF EDUCATION CERTIFICATE AND 
PRELIMINARY CERTIFICATE 


England 

Total Area. 

Uncultivated 

land 

Ploughed 

Land 

Pasture Land 

Easl«.N E 

7 4 million acres 

I 3 

million acres 

4 3 million acres 

3 omillionacres 

5 r and E 
Midland ^ 

a . » 

I 7 

*1 ft 

» a tt t» 

3 3m 

W Midland | 
and S W ! 
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* 7 

t* 

3 X ,» „ 


N & N W ! 

Q 7 1 M 

3 5 

if ?t 
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137 What can be learned from the above table con- 
cerning the agnculture of each of the four divisions of 
England ’ To what causes are the differences due ? 

138 E\plam how seasonal changes of warmth and 
rainfall are indicated by the chief vegetation zones of 
Europe ’ 

139 Bread and butter are two of the pnncipal 
foodstuffs of civilised man Show by reference to the 
great vheat and dairy lands of Europe what phj'sical 
and chmatic conditions are necessary to the production 
of these articles of diet on a large sc^e 
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140 Into wliat natural regions would you divide 
either Canada or Australia ? State clearly the principles 
upon which your division is based 

141 ■'^at parts of the Bntish Empire he withm the 
Tropics ? Wliat common features and differences of 
climate and vegetation do they exhibit ? 

142 Give an account of the forest regions of Asia, 
ex plaining the causes which have produced them What 
use IS made of the timber which they grow ? 

143 Taking Europe and Afnca as one land mass, 
compare its physical features, climatic zones, and 
charactenstic animals and plants with those of the 
continents of Amenca (North and South) 

HUMAN GEOGRAPHY, ECONOMIC GEOGRAPHY, 
AND MORE GENERAL QUESTIONS 

OXFORD SENIOR LOCAL 

144 Descnbe and account for the climate and chief 
occupations in {a) California, (6) Cuba 

145 Show how geographic^ conditions hmdered the 
exploration of Africa 

146 Descnbe and account fully for the seasonal 
distnbution of rainfall over the Australian continent 
Show how far rainfall determines occupations m the 
different parts of the Austrahan Commonwealth 

147 Dinde the United States east of the Rocky 
Mountains into natural legions 

Descnbe and account for the chmate of the south- 
east States, and show how far it determines the chief 
pioducts of the region 

148 Wliat are the chief requirements for a com- 
mercial seaport ? 

149 Give two examples of products which are manu- 
factured at a consideiable distance from the source of 
supply State fully the conditions under which the raw 
material is obtained in each case, and the reasons for 
the position of the manufactory 

150 Give an example {a) of a region where there is 
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a population largely engaged in agnculture , (b) of a 
region where most of the people dwell m towns Descnbe 
the two regions you select and account for the facts 

OXFORD HIGHER LOCAL 

151 Descnbe fully, and account for, the character- 
istic features of the equatonal type of chraate Name 
a large land area where this type of climate prevails 
What useful commodities does the area produce ? 

152 Give some examples illustratmg the fact that a 
seaport may be either favourably or unfavourably 
affected by improvements m methods of {a) land trans- 
port or ( 6 ) sea transport Discuss the examples you 
give 

153 State and explam the conditions which have 
made south-eastern Asia the habitation of so large a 
proportion of the human race 

CAMBRIDGE SENIOR LOCAL 

154. Descnbe the delta of the Rhine, giving {a) its 
position and extent, (&) its physical charactenstics, (c) 
its vegetable products, {d) its towns 

155 Descnbe the positions and character of the 
Llanos, the Selvas, the Pampas, the Falkland Islands, 
and Lake Titicaca 

156 Give some account of the Black Earth Region, 
the Karst, the Landes, the Mer de Glace, the Ri\aera, 
the Tyrol 

157 Descnbe the following, sajqng m what parts of 
Afnca examples of each are to be met with — kloof, 
oasis, shott, sudd 

How would you account for the increased prospenty 
of Lgj’pt m recent years ^ 

15S Descnbe and explam the ongm of (^7) the 
Colorado Canon, (i) the Chinook Winds, (c) Niagara 
Falls Gi\e a bnef descnption of (d) Jamaica, (^) 
Tnmdad 

159 Wnte an account of (a) the position and extent, 
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(5) the climate, (c) the physical features of the desert 
region of Austraha 

160 Descnbe the desert regions of Amenca and 
account for their positions Name any articles of 
commerce that are obtained from them 

161 What parts of Asia produce (a) tm, (&) tea, (c) 
sdk, {d) camphor, (e) teak ? 

162 Give some account of the position, extent, and 
character of the deserts of Afnca, and explain their ongm 

163 What distncts m Afnca produce [a) ivory, (&) 
wine, (c) coffee, {d) wool, {e) cotton ? 

164 From what parts of Central or South Amenca 
does Great Bntain import {a) mahogany, (6) nitrates, 
(c) rubber, {d) sugar, (e) wheat ? 

165 What IS meant by the statement that the 
Sahara, and not the Mediterranean, really separates 
Europe and Afnca ? Support this statement by 
reference to the chmate and productions of Mediterranean 
Afnca 

166 A population map of the Bntish Isles mdicates a 
dense population m (a) South Staffordshire and portions 
of adjoining counties, (b) a portion of South Wales 
What industnes give emplo5Tnent to these large popula- 
tions in the above distncts ^ Show the connection 
between the mdustnes and the natural advantages m 
each case 

167 What are the most stnkmg features m the nver 
system and coast-hne of Austrdia ^ Of what races 
does the present population of Austraha consist ? How 
do you account for their presence there ? 

168 The attraction of the towns, of which we hear so 
much, IS really the attraction of minerals Consider 
how far this statement is true, illustratmg your remarks 
by examples from Great Bntam and Ireland 

UNIVERSITY OF LONDON MATRICULATION 

169 Contrast the climatic conditions on the two 
sides of the Insh Sea and explam the difference Pomt 
out the chief geographic causes which have mfluenced 
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the nature of the occupations pursued east and west of 
the sea 

170 Give instances to show how far the commercial 
position of a country depends on its productions, 
geographical position, climate, contour (coastal outline), 
and relief 

171 Pomt out the chief regions of dense population 
m England, and m each case show the chief causes to 
which the density is due 

172 Compare the situation and configuration of 
Western Europe and Eastern Asia Account for the 
differences m the climate, productions, and trade of the 
two areas 

173 Take examples from the Umted Kmgdom to 
show the relationships existmg between the position of 
large towns and {a) water supply, (5) mmeral resources, 
(c) vegetable products, and {d) transport routes 

174 Tabulate the pnncip^ areas from which the 
foUoiving commodities are obtained — ^wheat, maize, 
steel, salmon, beef What special facihties are required 
m the case of each commodity for the carrymg on of a 
large trade ^ 

175 Divide Russia m Europe mto natural regions, and 
descnbe bnefly the chmate, the chief occupations of the 
people, and the natural products of each region 

176 Explain what are the most important marks of 
'* Race,'" and describe the distnbution of the chief 
races in Europe 

177 State and account for the distnbution of textile 
industnes (other than cotton) m Scotland and Ireland 

178 Discuss the geographic contrasts between the 
south-east and the north-west areas of the Bntish Isles 

179 Discuss, with examples, the conditions favourable 
to the grow th of a great port, with examples from Europe, 

180 In what respects can you reasonably compare 
the Bntish Isles w ith the Japanese ? 

181 Where m the Bntish Isles is salt found in con- 
siderable quantities ? How is it obtamed ? And what 
mdustnes have grown up m connection with the vanous 
•• fields " ? 

32 
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182 Descnbe and compare the past and the present dis- 
tribution of important wool mdustnes m Great Bntam 
183 Descnbe the geographical conditions of the 
Steppe, and show their mfluence on hfe there 

184 Mention four or five areas of dense population 
in the continent of Europe State bnefly why so 
dense a population should have gathered m each of the 
areas you mention 

185 Explam fully the geographical conditions which 
have controlled the growth and importance of London 

186 State the regions or centres m Europe m which 
silk IS (a) produced, and (6) manufactured, in each case 
givmg reasons for the localisation of the industry 

UNIVERSITY OF LONDON. INTER SCIENCE, 
ECONOMICS 

187 Give an account of the distnbution of the iron 
and steel industry of the United Kingdom Indicate 
the conditions which have in recent years affected the 
relative importance of the different seats of that mdustry, 
and those which are tending to bnng about further 
changes at the present time 

188 What are the natural economic regions of 
Australia, and how far are they controlled by con- 
figuration, climate, and facihties for trade ? 

189 Show how modem developments m the treat- 
ment, handling, and transport of commodities have 
affected our trade in food products withm the last 
thirty years 

190 What do you understand by a winter monsoon ? 
Illustrate from Asia the effects of such a wmd on human 
and plant hfe 

191 Examine the various conditions makmg for or 
agamst the increased use of water-power m the near 
future 

192 Indicate the probable " home ” of each of three 
great races, — ^White, Black, and Yellow, — and show how 
the climatic factors m each case were favourable to the 
development of the particular race m the particular area 
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193 Compare the economic importance of the van- 
ous areas in the world which have a Mediterranean * 
climate 

Give an account of the distnbution of iron-ore 
jn Europe, vith speaal reference to [a) output, (6) fuel 
for smelting purposes 

195 Discuss the distnbution of tea and coffee- 
planting, taking mto account ph3^ical features, climatic 
conditions, labour supply, and access to markets 

UNIVERSITY OF LONDON INTER ARTS 

196 Wliat geographical conditions have favoured the 
locahsation of the cotton industry m Lancashire ? 

197 Discuss the distnbution of sources of power 
other than coal, m Eurasia 

ig8 Discuss the value of tropical possessions to a 
S^ate in the temperate regions 

199 Give an account of the three most important 
races of Europe, mdicatmg their distinguishing char- 
actenstics and the regions now occupied by the races 
How far are the people of Bntain representative of these 
races ? 

200 Descnbe and account for the typical mdustnes 
of the following regions — The Great Karroo, Northern 
Nigena, Bntish Guiana, Bntish Columbia 

UNRTERSITY OF LONDON B A 

201 Discuss mstances m which the locahsation of 
manufactunng mdustnes has been largely determined 
by (a) local supplies of raw matenal , (6) local supphes 
of labour without local sources of power , and (c) a large 
local market 

202 Descnbe, m some detail, the morphology of 
eiihcr the Centr^ Plateau of France or of Bohemia and 
its surrounding highlands, and show how it has con- 
trolled the distnbution of population 

203 Account for the existence of hot and of cold 
deserts, and illustrate the effects of each on the character 
and occupations of ' desert people 

204 What are the fundamentm conditions affectmg 
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the climate of India ? And what are their speaal 
economic results ? 

205 What geographical causes have given the United 
States predommance m the raw-cotton market ^ 

206 Compare the conditions determmmg the climate 
of the Bntish Isles with those determmmg that of Japan, 
and trace the effects of climate on the economic activities 
of the two countnes 

207 How do you explam the fact that civihsation has 
developed m Afnca to a less extent than m Asia ? 

208 Compare the distnbution of the ramfall m 
Austraha and New Zealand Consider the causes of 
difference, and the chief results on the density of popula- 
tion and the economic activities of the people 

209 Descnbe the charactenstics of an Alpme valley and 
ndge, paymg attention to topographical features, climate, 
vegetation, and human activities and settlements 

210 Discuss the hne of elevation which forms the 
land edge of the Indo-Pacific basm, with reference to 

{a) Volcanic and seismic phenomena 
(6) Political and economic developments. 

211. Summarise the arrangement of the chief ranges 
which radiate from the Pamirs Estimate their relative 
importance (a) chmatic, (6) pohtical 

212 Discuss the geographical conditions affectmg 
the position and development of towns, drawing your 
illustrations from the Bntish Isles and the United States 

213 Examine the utihsation of different types of 
grassland by peoples at various stages of civihsation 

214 Illustrate the control exercised by the Alpme 
system on human mtercourse {a) m past history, (6) at 
the present day 

NORTHERN UNIVERSITIES JOINT 
MATRICULATION 

215 State what you know of the development of the 
woollen mdustry m England, and show how geographical 
conditions have affected its location at different times 

216. State the situation of three important manu- 
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factunng regions of the former German Empire , m each 
case name the chief products, and show why the parti- 
cular industnes became important in that region 

217 What are the mam features of the climate of the 
temperate grasslands ? Explain the causes of such 
climate, and its effects on {a) the natural vegetation, and 
(6) the occupations of the people of these regions 

218 State bnefly how far geographical conditions have 
favoured the concentration of so much of the population 
of the globe m ^uth-eastem Asia and in Western Europe 

2ig Name two regions m the United States where 
each of the followmg are typical products, and m every 
case point out the natur^ advantages for such pro- 
duction — oranges, tobacco, cotton manufactures, timber, 
gold 

220 State as precisely as possible the position and 
extent of the distncts which are the most important 
European sources for the supply of horses, petroleum, 
iron-ore, and wheat Explain particularly to what 
extent climatic conditions or facilities for transport 
favour these products m each case 

221 How far do ph3rsical features account for the 
difference of economic development between the east 
and vest of Great Bntain ? Compare their mfluence 
on such development m the sixteenth and nineteenth 
centunes respectively 

222 Give some account of the distnbution of sugar 
growing throughout the Bntish Empire 

223 Discuss the effect of climate upon manufactures 
Illustrate your answer by reference to the United 
Kmgdora and the Colonies 

224 Give some account of the varying density of 
population m different parts of Bntish India, and state 
the causes vhich account for the greater density m 
certam distncts 

BOARD OF EDUCATION CERTIFICATE AND 
PRELIMINARY CERTIFICATE 

225 WTiat circumstances have favoured the develop- 
ment on a large scale of the followmg mdustnes at 
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certain centres in North Amenca — engineenng, com- 
milling, paper-making, fruit-growing ? 

226 Explain the followmg statement as applied to 
modem Egypt " With the Nile regulated and con- 
trolled by an immense system of reservoirs and dams , 
with a fellahm freed from excessive taxation and given 
an equitable judicial system , with a network of hght 
railways rendering the produce of the country accessible 
to foreign markets , Eg5q)t was never more prosperous 
and its future was never so bright " 

227 From the point of view of economic geography, 
and particularly m relation to import and export trade, 
compare 

(o) Port Said with Rotterdam 

(b) The Congo with the Danube. 

(c) Abyssmia with Switzerland 
Khartoum with Coblenz or Mayence 

(e) Genoa with Port Sudan or Suakm 

228 It IS usual to treat the portions of Europe and 
Africa which border upon the Mediterranean Sea as 
a distmct geographical region What characteristics 
justify this treatment ? Illustrate the economic im- 
portance of the Mediterranean Sea (a) m the penod B c , 
(&) m the Middle Ages, (c) smce the openmg of the Suez 
Canal 

229 Geography deals largely with chmatic conditions 
and their effect upon man Show the tmth of this 
statement by contrastmg the " geography ” of Labrador 
with that of the Ganges Valley or the " geography ” of 
the Sahara with that of the West Indies 

230 Show how the need for mterchange of pro- 
duction has led to the establishment of weU-marked 
trade connections between ports m the British Isles 
and North America 

231 Locate the chief mdustnal areas of Scotland and 
Ireland contrast their natural resources, and show how 
far these explam their respective manufactures 

232 Contrast India with South Afnca, or New 
Zealand with Bntish East Afnca, as regards relief. 
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rainfall, and natural productions Give reasons for the 
contrasts you mention 

233 And plains and steppes are found m their 
greatest extent either m the Trade-wmd belts or m vast 
continental intenors Wherever they occur, they pre* 
sent the same characteristics of land-surface and natural 
products, and impose on their mhabitants similar habits 
and modes of hfe 

Give reasons for the occurrence of these areas m the 
regions mentioned , state the charactenstics referred 
to, and show how environment has influenced the homes 
and settlements of the people 

234 Compare the agricultural products and industnes 
of the Central Lowlands of Scotland with those of the 
Central Plain of Ireland, in order to show how ph3rsical 
conditions have determmed the relative commercial 
importance of these two regions 

235 During the Middle Ages England was chiefly 
an agncultural country, but by the end of the eighteenth 
century had become the leading manufactunng country 
of the ViOvld What effects did this great change have 
by the middle of the nmeteenth century {a) upon the 
growth of towns, (&) upon the iron mdustry, (c) upon 
the imports of the country ^ 

236 Contrast Iceland with Sicily m respect to rehef, 
rainfall, and natural products To what causes do you 
attnbute the differences you mention ? 

237 Wnte an account of the former Austro-Hunganan 
Empne, bringing out the physical nature of its com- 
ponent parts and the differences m race of its mhabitants 

238 To what causes would you ascnbe [a) the dis- 
tnbution of population m Austria , (6) the importance 
of Singapore and San Francisco , (c) the present mflux 
into the Canadian North-West , and {d) the constantly 
recurring danger of famme m India ? 

239 River valleys tend alw^ays to be centres of 
population " Why is this generally true ? Apply the 
statement to three of the following nvers — St Lawrence, 
Amazon, Euphrates, Indus, Murray, and Yukon 
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Some additional questions selected from those which 
the author has proposed to his own students These 
questions are of Higher Certificate, Intermediate, Pass 
Degree, and Diploma Standard 

STRUCTURAL GEOGRAPHY CHANGES IN THE 
LITHOSPHERE 

1 Give a brief summary of the modern doctrine of 
isostasy and the facts on which it is based 

2 What exceptions can you quote to the generalisa- 
tion that volcanoes occur on the contmental margms ? 

3 Summarise your knowledge of the known plateau 
lavas, mcluding what is known of their age and of their 
petrographical character 

4 Give an account of, and institute a comparison 
between the work of wind and runnmg water, and 
especially mention then effectiveness m different types 
of regions 

STRUCTURAL GEOGRAPHY LAND-FORMS 

5 Descnbe any one of the great Shield Lands, and 
give an account of its economic resources 

6 Classify the chief groups and ranges of Europe 
accordmg to type and approximate geological age 

7 Ydiat IS a “ river terrace ” ? Explain the frequent 
occurrence of series of river terraces at different levels 
m so many river valleys 

8 Write an essay on the formation of deltas 

9 Describe the chief scenic features which are especi- 
ally characteristic of an upland region which has been 
recently glaciated 

10 Describe the course of events through which a 
region has probably passed which is now occupied by a 
great continental plam Wherever possible refer to 
concrete examples by way of illustration 

11 Two long ribbon lakes lie m the same glen and 
are separated from each other by an alluvial fan made 
by mountain torrents The rocks of the glen are 
rounded and scratched as by glaciers, and a moraine 
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forms the dam at the lower end of the lower lake 
Describe the events which have produced these land- 
forms and conditions 

12 Select one of the follo\vmg pairs of contrasted 
regions 

(fl) The Cross Fell Block — ^the Vale of Eden, 

( 6 ) The Craven Highlands — ^the Graven Lowtands , 
(c) The High Peak ” — ^the “ Low Peak** (Derby- 
sliire , 

and wite the physical history of the two parts concerned 
OCEANOGRAPHY 

13 Compare the Baltic and Jlediterranean Seas, as 
to depth, form of coasts, temperature, and chemical 
composition of their waters 

14 Wiat IS the importance of the Continental Shelf 
m connection with food supplies obtained from the 
seas ^ 

15 Describe the general tidal phenomena experienced 
in an}^ important port of which you have personal 
knowledge 

16 Summarise the chief features of the movements 
of the surface winters in the Indian Ocean 

17 Discuss the possibility of adding considerably 
to our food supplies from Arctic and Antarctic 
Seas 

iS How far do the Arctic and Antarctic Oceans 
influence phjsical conditions in the Atlantic Ocean ^ 

CLDIATIC GEOGRAPHY 

19 Vliat exception maj^ be taken to the term “ con- 
tinental climate," as commonl}*' used ^ Discuss the 
use of the term m the light of the following data 

A\ erage Temperatures 

^ 

Januar} April Jul} October 

Pel mg 235' 568 78 9 544 

M-'nios 7S 5 78 2 78 8 80 I 

A B — Peking is at the edge, I^Ianaos m the middle 
of a continent 
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20 Discuss the precise meaning which should be given 
to the terms tropical and equatorial as applied to climate, 
illustratmgyour discussion by reference tospecificregions 

21 Compare the successive general temperatures 
throughout the year at Holyhead and Moscow, and add 
such explanations as you think necessary 

22 Account as fully as you can for the rainfall of 
Quebec and Ottawa bemg so equally distributed through- 
out the year Compare the St Lawrence region with 
the shores of the Sea of Okhotsk m this respect 

23 Divide North America into Climatic Provinces 
and sub- Provinces ^ 

24 Compare the climates of Ceylon and Tasmania, 
and those of Madagascar and South Island, New Zealand 

25 Contrast and compare the climates of Northern 
China and China south of the Si Kiang , and compare 
each of the above with the climates of eastern North 
America in corresponding latitudes 

26 Compare the seasonal pressure changes over the 
continents and oceans m the Northern and Southern 
Hemispheres Select about 30° N and 30° S as the 
latitudes for your comparison 

27 What data are required before an isothermal map 
of a region can be drawn ? In the case of the British 
Isles state what records are available 

THE GEOGRAPHY OF PLANTS AND ANIMALS 

28 Describe the distribution of coniferous forests m 
Europe and Asia, and say how far these forests are 
developed econonucally 

29 Discuss the large-scale production of rice outside 
the monsoon lands of Asia 

30 Write a brief description of the dairying industry 
of New Zealand and its place m the dairying industries 
of the world 

31 What geographical factors have led to the immense 
wool production of the Southern Hemisphere ^ 

^ See Inirodticiton to World Geography, p 284 A Wilmore 
G Bell & Sons 
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32 State the regions where the follo%ving are produced 
on the large scale m Africa, and discuss the factors 
which have led to that production — cocoa, coffee, cotton, 
palm-oil 

33 Discuss and explain the following approximate 
statistics 

A Acreage of arable land and in permanent grass 
for pasture m Scotland and Ireland 

Arabic Land Permanent Grass 

Scotland 3 1 r million acres 9 12 million acres 

Ireland 4 67 , „ 1 55 .. 

B Numbers of sheep and cattle in Scotland and 
Ireland 

Sheep Cattle 

Scotland 7 56 million i 23 million 

Ireland 3 8S „ 4 86 „ 

HUMAN GEOGRAPHY 

34 Give some account of the peoples avho inhabit 
Finland, Hungarj^, and Bohemia, mcluding what you 
knoav of their race, language, and religion Describe 
the geographical environment briefljf and show how it 
has influenced their industnes and mode of life 

35 South Amenca as a whole is a sparsely peopled 
continent Select tliree different tj^pes of regions m 
that continent which are very sparsely peopled, and 
explain why 

36 Discuss the distribution of population in Australia 

37 Yfliat parts of Afnca and South America seem 
to jmu to be suitable as possible fields for settlement by 
British emigrants ^ 

38 Show how the distribution of population m 
India IS related to the geographical environment 

39 Analyse the distnbution of population m England 
north of the Trent 

40 WTiat is meant by the saying that the USA. 
s the most important neighbour of the British 
Empire ’ 
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41 Describe the mode of construction of any map 
net which shows relative areas correctly, and point out 
its deficiencies Similarly describe one which shows 
directions correctly 

42 State the chief properties of the following map 
nets, and say for what purpose each is best adapted 
Mercator’s, Bonne’s, Mollweide’s 
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Ambts — ^Blocks of rocks left by dissection of rivers in Abyssinia , 
cf mesas of Dakota Colorado etc Word of Abyssinian 
ongm 

Andesite — La\a of intermediate composition, » e containing 
about 55-^0 per cent, silica , from the Andes, where these 
rocks are common 

Anemometer — An instrument for measuring the force or the 
velocity of the wind Greek, ariemos, wind 
Anthropoid. — Jklan-hke, apphed to apes Greek anthropos man 
Anticline — Apphed to stratified rocks , strata curved over in an 
archhke form Greek, anti, against , khn5 slope 
Archsean — ^\’'ery old {apphed to rocks) , the oldest rock-s3rstem 
known Greek, arckatos very old 
Arenaceous — Sandy , apphed to sedimentary and aqueous rocks 
Argillaceous — Claj ey , apphed to sedimentary and aqueous 
rocks 

Armoncan — A system of earth-folds and fragments of old 
mountains in Western Europe From Armonca, the Roman 
name for Bnttany 

Artesian — AVells or bore-holes which denve water from a deep 
s\ nchne , from Artois, in France, where such wells or bore 
holes verc first sunk 

Aryan — A name used to designate a group of Eurasian peoples 
and the languages spoken by most of them From the 
Sanslmtuiyfl noble or of good family 
Asphalte — ^Natural pitch found in Switzerland, Tnnidad, etc 
Greek and Latin asphaJtos and asphaJtnin 
Azimuth — An arc of the honzon between the south point and 
the \ertical circle through the centre of an object From 
the Arabic 

Ballons sondes. — ^Trec, unmanned balloons which carry self- 
recording instruments 

Bar — An atmospheric pressure of 1,000 000 dynes per square 
centimetre Greek, baros, heavy 
Basalt, — ^La\a of basic composition t e containing less than 55 
per cent, sihca The word is one of the oldest in Science, 
used by Phn> and Agncola , from Latin, hasoUes 
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Billabon^s* — Cut-ofE lakes, found in the alluvial plains near 
the Austrahan nvers , cf the ox bow lakes of the Lower 
IMississippi Name of Austrahan origin 

Breccia. — A rock formed of angular fragments cemented together 
Of It alian ongin , cf French, brdche, a breach, something 
broken 

Caatmga — Tropical thomwood region where the dry season lasts 
from SIX to eight months Thorny bushes and acacias form 
an important part of the vegetation N ame of South 
American ongin 

Cainozoic — K group of rock systems , a geological era Greek, 
katnos, recent, new , zoe, hfe Hence, the era of newer or 
recent life, considered geologically 

Calcareous — ^Limey , apphed to sedimentary and aqueous rocks 
Latin, calx^ hme 

Caliche — K deposit of impure sodium mtrate, NaNOj found in 
the dry regions of Chile and Peru 

Cambrian — A system of rocks Cambna, the Roman name for 
Wales The rocks are well developed in Wales where they 
were first thoroughly studied 

Canons. — ^Deep narrow, steep-sided valleys, cut by nvers in 
approximately honzontal strata Name of Spanish ongin , 
from canay a tube 

Carboniferous — h system of rocks in Bntain and many other 
regions, containing abundant coal-seams Latin carbo, coal 
and JerOy I bear 

Caribou — ^An Amencan vanety of reindeer Word probably of 
Indian ongin 

Cassava — K starchy food-stuff obtained from the manioc or 
tapioca plant French, cassave , Spanish, cassabe 

Chinook — A warm, dry ^vind frequently expenenced on the 
eastern side of the Rocky Mountains , cf /dim, wind of 
the Alps Name from Chinook Indians who hved in the 
Columbia River regions 

Cluses — ^Transverse nver-gaps cut through the longitudinal folds 
of the Jura Mountains Latin, clusa, clausuy a shut-up 
place 

Coir. — The husk or outside covenng of the coco-nut, used in 
making ropes, sailcloth matting, etc Word of Malay 
origin , M^ay kayar 

Colza — K variety of cabbage, the seeds of which, when pressed, 
yield an oil used for burmng French, colzat , probably 
from Dutch, kooly cabbage , zaady seed 

Copra — The dried kernel of the coco nut Word of Hindustani 
ongin 

Co-tidal lines — ^Lmes drawn through places which have high 
tide at the same time 

Cretaceous — ^A system of rocks Latin, creia, chalk. 

Czechs. — A Slavonic people inhabiting Bohemia 
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Deciduous — ^Applied to trees lea\cs fall m the autumn Latin, 
dc down cado, fall 

Devonian — A system of rocks Name from Devonshire where 
the rocks are well de\ eloped 

Dolincs, dolmas — ^Natural funnel-shaped water-sinks found in 
the limestone of Dalmatia, etc Word of Russian origin 
Dolomite — A mineral or rock-constituent composed of calcium 
and magnesium carbonates Named after Dolomieu the 
French geologist 

Durra — A species of gram cultnated in India Arabia and the 
Mediterranean lands , known also as Indian millet and as 
Guinea com Word of Arabian origin 
Dynamic — Appbed here to pressure as the result of motion 
pertaining to motion Greek, dynamikos powerful 

Ecliptic — A great circle on the globe making an angle of nearly 
(-3^ 27') with the equator, the plane of the earth’s 
orbit extended to meet the celestial sphere Greek ecleipo, 
cclipiictis pertaming to an eclipse 
Ecology — Tlie stud> of plant life and plant associations as 
determined b\ their environment Greek, oihos, home 
logos, speech, discourse 

Eocene — A sa stem of rocks Greelc, dawn hatnos recent 
Equinox — The time at which the sun crosses the equator (about 
cistMarch and 22nd-23rd September) Latin, ccqmnociium, 
(rqtnis equal nox ? odis, night 
Erosion — Applied to rocks eating,” or wearing away b> 
frost rain, n\ers the sea, glaciers, wands, etc French, 
Si Oder from Latin, c, out of iodere, to gnaw 
Escarpment — A sleep cliff, usually applied to an inland cliff 
Iherc IS usualh a steep face or cliff and the rocks he 
horizontal!} or wath a gentle dip away from it French, 
cscarprr, cut stecpl} 

Estuary — Vn opening of the sea where the tide meets a nver 
current Latin, the tide 

Etang^ — Lagoon like lakes cut off by sand dunes near a coast 
cspcciall} on coast of France Word probabl} of French 
origin 

Etesian — Greek, eicstos, yearly 

Fiards — Openings compared wath fiords, not so deep 
Fiords — Long, narrow, deep openings usuall} with steep, 
rock} banks Type found in west of Norway Non\egian, 
fjord 

Fohn — V warm, diy wind frequenth experienced on the northern 
slopes of the Alpine ranges of Lurope Local name used in 
theSwass Vlps possibl} from Latin, Cf Chinook 
wind of Rock} Mountains 

Fohrden — Branching shallow openings in the cast of Denmark 
Name of local ongm 
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Gabbro. — A basic, plutonic rock, allied in chemical composition 
to basalt Name of Itahan ongin 

Gambler, — A tanning matenal obtained from the Malay States 
Name from Malay, gambit 

Gault — A clay formation found in the Cretaceous system of 
Bntain Name of English ongin 

Geest* — Sandy, dry, and somewhat barren land in the Nether- 
lands Name of Fnsian ongin 

Gneiss — metamorphic, crystalline rock having its component 
minerals arranged in irregular foha German gneiss , 
probably an old miner's term 

Gnomonic — Having some sinulanty to the reading of a dial 
Greek, gnomon, the index of a sun-dial 

Graticule — Literally a little grate Apphcd in geography to the 
network or cross-hnes of latitude and longitude on a map 


Haff — A shallow lagoon or bay inside a long spit of sand on the 
Prussian Baltic coast German, haff 

Homolographic — ^Drawn so as to have equivalent areas Greek, 
homolos, agreeing 

Horst — h portion of the earth's crust standing above neigh- 
bouring portions which have been depressed by faulting 
German, horsi 

Hygrometer — An instrument for measunng the degree of 
moisture of the atmosphere Greek, hygros^ wet, moist 

Insolation — Exposure to the sun's rays , m modified usage it 
means efTective solar radiation on a pEut of the earth's 
surface Latin , insolation from verb tnsolo , in, in, and 
sol, the sun 

Ions — ^The substances which appear at the respective poles in 
electrol3^sis , the electncally charged atoms into which a 
salt is supposed to be more or less decomposed in solubon 
Greek, ton, from the verb to go 

Isallobars — Lines drawn through places where the amount of 
change of pressure is the same since the preceding observ a- 
tion , hence lines of equal change of pressure Greek, tsos, 
equal, alios, other, haios, w^eight 

Isobar — A line passing through places winch have the same 
atmospheric pressure Greek, isos, equal , bai os, weight 

Isotherm — A line passing through places which have the same 
temperature Greek, isos, equal, thennos, hot 

Jurassic — A system of rocks The name comes from the Jura 
Mountains, where rocks of this age are well developed 

Lianas — ^Twining tropical plants which climb up the stems and 
branches of trees in tropical countries French, her, to bind 
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Limans — ^Lagoons on the shore of the Black Sea Name of 
Russian origin , probably from Greek / men harbour 
Lithosphere — I he sohd part of the earth as distinguished from 
the atmosphere and the hjdrosphere Greek, Uihos a stone , 
^phaxra, sphere 

Loess — Pl pale yellow homogeneous /i^lcareous loam or clay 
or very fine sand Name of German ongin 

Mamelon — h rounded volcamc hill French mamclon nipple 
Meridian — A great circle on the globe passing through the 
poles and an> given place A great circle of the celestial 
sphere nassing through its poles and the zemth of an> 
given place Latin merxdxes midday 
Mesas — Table-lands dissected by nvers in Dakota , that is the 
region is cut up into separate “tables' Spamsh inesc^ 
table 

Mesozoic. — An era of geological time, and a group of rock systems 
Greek mesos, middle , life Cf Cainozoic 
Millibar — One-thousandth of a bar (^7 v ) , the umt of atmo- 
sphenc pressure 

Miocene — A sj^tem of rocks Greek meion less , kainos, 

recent. 

Nehnng’ — A narrow tongue or spit of land a long sandbank 
on th^ Baltic coast of Prussia German nchmng 
Neolithic — The later or newer Stone Age Greek neos new , 
/ ihos stone Applied to the history of early man as rev ealed 

b\ lus weapons and tools 

Oblate — Flattened or depressed at or round the poles Greek, 
oh^at ts facing 

Ohgocene — A svstem of rocks Greek oltgos few kaxnos, 

’“Lccnt 

Ordovician — V system of rocks Named from the Ordovices a 
tnbe of ancient Britons who inhabited the region in Wales 
where thcbe rocks were studied by Lapworth 
Orographic — Representing the mountains, valleys, plains, etc , 
of a region Greek, oros, a mountain 
Orthographic — Pertaining to nght lines or right angles used in 
that sense in projection Greek nght 

Orthomorphic — Right m shape or direction , used in that sense 
m map projections 

PalTohthic — The earlier or older Stone Age Greek, palaios 
vneunt lit) os stone Cf Neolithic 
Paltcozoic — An era of geological time and a group of rock 
sv^tcins Greek, ancient, zoe life Cf Cainozoic 

aa<l "Mesozoic 

Pampas — Treeless grassv plains in the temperate regions of 
bouth Amenca Spanish, pampa, a plain 

33 
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Permian — A system of rocks From Pern, in Russia, where 
rocks of this age are well developed, and where they were 
studied by Murchison 

Pleistocene — A system of rocks Greek, plet^fos, most , kaxnos, 
recent. 

Pliocene — A system of rocks Greek, pleion, more , kainos, recent 

Plutonic — Igneous roclcs which have sohdified at some depth, 
and under great pressure Greek, Pltito, the god of the 
underworld 

Polyen — Enclosed valleys in the limestone region of Ill)ma and 
Dalmatia They are usually drained by ** water-sinks ” in 
the hmestone Name of local ongin 

Pusstas — Steppe-hke plains in Lower Hungary Name of 
Hunganan ongin 

Puys — Conical, volcamc hills in the Auvergne, France French, 
appm 

Quader-sandstein — Quader ^sqMoxe, cubical, German 

for sandstone A sandstone in the N E of Bohemia which 
weathers into great cubical blocks 

Rhyolite — ^An acid volcanic rock , a lava with a chemical 
composition sinular to granite Greek, rhyax, stream , 
Itthos, stone 

Ria — A nver-mouth , used by Richtofen for a special type of 
opening Spanish, ria 

Rift-valley — A valley let do^vn between two somewhat parallel 
faults 

Savana or Savanna — A grassy plain in tropical Amenca , 
now used for tropical grassy plains vnth scattered timber 
Spanish, sava^ia, sabana 

Schist — A metamorphic rock that sphts into thin irregular 
laminae or folia French, sclnste , Latin, sclnstos , Greek, 
schisios, cleavage or sphtting 

Scona — Cellular, cindery lava , fragments of lava Itahan, 
from Latin and Greek, shona, dung refuse 

Selvas — ^The dense woodlands of the Amazon basin , used for 
similar equ atonal forest plains elsewhere Latin, silva 
forest 

Serpentine — A mineral or rock consisting chiefly of hydrated 
magnesium sihcate , a much-altered ultra-basic rock , 
markings supposed to «^uggest those of a serpent 

Shotts — Salt-lakes in the Atlas region of North Afnca Name of 
Arabic ongin Cf shat^ an estuary, Arabic 

Sierra — ^Apphed to mountain-chains winch have a saw-hke 
profile Spamsh from Latin serra, a saw 

Sill (igneous) — Used for an intrusive sheet of igneous rock 
Remotely connected with Latin, sc//a, from sedeo, through 
French, selle 
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Silurian — A stem of rocks Named from the Silnres, a tnbe of 
'incicnt Batons who inhabited the \\ elsh Borderland where 
Murchison studied the rocks 

Sinter — Material deposited b\ springs, especially hot spnngs 
German swder Cf English cinder ' 

Sinusoidal — Pertaining to sines , containing sine cur\es 
Solstice — ^The time of the year when the sun reaches its highest 
dechnation either north or south of the equator (21st June 
2 TSt December) Latin so/, sun , sfo to stand 
Spheroid — A figure having ncarlv the form of a sphere , n 
figure made b^ rotating an ellipse round one of its a^es 
Static — A.t rest , opposed to dynamic Greek, sfafikos bringing 
to rest 

Stc*'CogTaphic — Pcrtaimngto the art of depicting a sobd bod\ on 
a plane surface Greek stereos sohd 
Stratosphere — ^The K^er of the atmosphere in which there is 
practically no fall of temperature with increasing height 
Eatin a la^ er , and sphere as before 

Sudd — A floating mass of vegetation which obstructs the flow 
of the White Nile Kame of Arabic on gin 
Synclinc — Strata dipping towards an ajus in trough hke form 
Greek, sy 7 i together , hltrjo I bend 

Taiga ' — ^Tbc coniferous forest of Russia and Sibena Name of 
Russ an on gin , now used for such forests elsewhere 
Tel cmorouni — Fertile black soil in S W Russia Name of 
Ru^^sian ongin 

Tectonic — Connected wnth the building of the earths cnist 
La*^ia tec *07 c ts , Greek icKtojiikos Greek tchioii^ a maker 
or bu Ider or carpenter 

Tc^ai — A swampy belt in Northern India at the foot of the 
Himalaya Name of Hindustani ongin 
Theodolite — \n instrument for measunng honzontal and 
usualh \crtical angles 

Topographic — {In maps) representing the features of a region 
ilS •‘thef itsn\ers laics cities etc Greek /o/jd 5, a pl'^ce 
Trachyte — A la^ a or volcanic rock of intermediate composition , 
conta ns about 60-65 per cent silica, chemical composition 
simibr to cmlc Greek iracl'^s rough 
Triassic — A system of rocks Greek trxas from ireis^ three 
Iherc *’re th^'ce distinct duisions in Central Europe 
Tropopause — The boundary between the troposphere (q t ) and 
the bt^tosphere ) , the place where the vertical tern 
p^ntu’^c gradient ceases Greek iropos a change or turning 
Troposphc-e — ^Thc lay of the atmosphere m which there is a 
fall of temperature wath increasing height 
TufT — Fragmental volc'^mc matte” ejected m explosive out 
bursts French i if from Italian tufa 
Tundra — ^The frozen desert plains of Russia Sibena, and North 
Ktncnca Name of Rii'^sian ongin 
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Vanscan — ^Applied to the old, broken and dissected mountains ol 
Central Europe Vanscia, ancient Germany 

Veld (veldt) — ^The open, pasturage country in South Afnca 
Dutch, veldt, dry country 

Wadden (watten) — ^The lagoons behind the sand dunes of the 
Netherlands Word of Dutch ongin Cf old Enghsh 
“ wade " and " watter '* 

Zenith — ^The pomt of the heavens vertically above the observer 
From the Arabic 
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Var 138, 135 156 
\b\SBinia 8S 137 
Vcacn 5S3 3SS 307 
\cid roclv*^ 23 475 
Adrntic Sea, 40 43 75 123, 

140, 168, l6q 174, 175 

301 

156, 1S5 
\ifaulles 6S, 101 
Vir Ministr) , 267 
\ire Gan 00 157 
\1 aba Gulf of 73 134,144 
Vloska 5^ 61, 70 173 181, 

236 ^01 

Vlaskan sheep 401 
Mbert Lai 014^ 

Alcohol 3=)q 
Aldrich Deep 1S5 
ilet^ch Glacier, 145 
Vlcutian Island^ 30 
Alfa grass 340 392 
VUa vallc\, 130 
VUold 122 
Alls-^ice, 372 
MluMal plains 104, 431 
Al'nond, 342* 367 
Mpaca 403 410 
Mpine cro'^ioa 68 
^vlpine nan 420 
\Unnc stern 65 


Alps mourtams 

45 

63 ct seq , 

122 12-, 120, 

130 

13S 

1:50 

ID ID I 5 L 

157 

160 

102, 

2^0, 205 3,7, 

372. 

, 40:: 

421, 

Amazon, Rucr 

120 

1G6 

33^1 


3*^0 300 

Anba«j of AMs^mia, SS 


\mencan race, 419 
Amu Dana (Ri\er) 115 
Vnaconda, 396 
\natolia 76 

Vndalusia Plain of 124 133 
Andes Mountains, 54, 70, 121 
240 374 

\ngara Shield So 
Vngora goat 408 
Antarctic Circle, 444 
Antarctic Continent 54 
Antarctic Ocean 185, 187 
Antelope 397, 399 
Antliracite 7 225, 226 
Anthropoid apes, 396 
Anticline O3 65 96 128, 141, 
142 

Anticyclones, 271 276 
Apennine Mountains, 32 69 

I 68 432 
Apes 396 413 

Appalachian Mountains, 131 
142 210, 234 23Q 
Apple, 346 

Apricot 340 3D 342, 3O6 

369 

Aqueous rocks, 5, 14 
Arabian plateau 76,80 124 
Arabian Sea, 166 
Arachis 3S5 
Aragon, 129 

Aral Sea 114, 115, 143, 150 
220 

Arctic Circle, 234 2SS, 200 
296 430.444 
Arctic fo\, 403 

Arctic Ocean, 105 110, 113 

1S5, 1S7, iqG 
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Ardennes, 43, 72, 75, 79# '^ 39 , 

215 

Arenaceous rocks, 7 
Argali, 402 
Argillaceous rocks, 7 
Arkansas, River, 117 
Armoncan Mountains, 72, 75, 
78, 240 

Arran, Island, 135 
Arrowroot, 360 
Artesian wells, 45, 248 
Artificial lakes, 157 
Artificial silk, 392 
Aryan ** races, ' 422 
Asbestos, 243 
Ash, volcanic, 8, g6 
Asphalt, 233 
Ass, 397 i 398 

Atlantic coastal plain, no, 
125, 248 

Atlantic coasts, 163 
Atlantic Ocean, 30, 56, 133, 
161, 164, 166, 185, 186, 190, 
ig6, 204, 219, 295, 296 
Atlantic Ocean, Currents of, 

55r i94» 430 
Atlas, maps, 450 
Atlas Mountains, 69, 129, 161, 
165, 391 

Atmosphere, 4, 251 et seq 
Australasia, chmate of, 313, 

317 

Australia, lakes of, 144 
Australian Barrier Reef, 176 
Australian Bight, 315 
Auvergne Mountains, 25, 26, 
28, 29, 43, 72, 75, 78, 124, 
150 

Aux Sources, Mont, 88, 89 
Avalanches, 42 
Avernus, Lake, 150 
Azimuthal Projections {see 
Zenithal), 456 
Azores, Islands, 31, 268 

Bab el Mandeb, 19 1 
Bad Lands, Dakota, 77, 87 
Baffin's Bay, 168 
Baikal, Lake, 134, 145, i 59 
Baku, 35, 232 


Balata, 332, 390 
Balaton, Lake, 145 
Balkan Mountains, 69, 421 
" ballons sondes," 279, 2S0 
Baltic Sea, 80, 105, 109, no, 
167, 169, 174, 189, 190, 193, 

295 

Baltic Shield, 80 
Banana, 332, 338, 364 
Bandon, River, 131 
Bar, unit of pressure, 267 
Barbary sheep, 402 
Barley, 336, 338, 340, 346, 
351 

Barometer, 252 
Barometric gradient, 270 
Barometric pressure, 266 el 
seq 

Bartlett Deep, 170 
Barysphere, 18 
Basalt, II, 18, 214, 218 
Basic rocks, 22, 24, 475 
Basins, 128 
Basques, 422 

Bassenthwaite, Lake, 154, 159 
Bathymetric lines, 161 
Beans, 336, 356 
Bear, 399 
Beaver, 399 
Beech-nut oil, 384, 386 
Beet, 346, 358 
Belchen (Vosges), 75 
Bengal, Bay of, 162, 166, 168, 
290, 3ii» 312 

Benguela Current, 194, 200 
Ben Nevis, 146 
Bering Strait, 187, 197, 402 
Bernese Oberland, 130, 140, 
ISS 

Betuwe, 329 
Bighorn (sheep), 401 
Bilberry, 346, 372 
Billabongs, 146 
Birch, 3Q2 

Biscay, Bay of, 160, 161, 163, 
174 

Bison, 400 

Bituminous coal, 225 
Blackberry, 346, 372 
Black currant, 346, 372 
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DKck 1 arth region 112 349 
Black Forest 72 71 70 
Blick Hills of Dal Ota 1 17 
Black Sea no m 1 1 3 i H 
147 167 lOq 174 iSo 193 

301 

Bllck^^atc^ Kiver 131 
Blanc Mont 6S 10 1 
Blocl- mountains 72 102 
Boar 3QQ 

Bohemia 76 78 80 225 288 
Bombs \olcanic 23 
Bonnes Projection, 466, 468 
473 

Bonneville Lake 156 
Bonnc\,T G 36 50,130 
Bore (lid'll) 205 
Bort, Tcis^crcnc dc 2S0 
Bosporus I Co 

Boundarv Fault, Highlands of 
Scotland 73 
Bo\vland Fells, 01 
B*‘ahmaput"ai River, 125, 13S, 
141 

Br'^zil Current 104 
BrazIv\ood 3S3 
Breccia S o 23 
Bnenz I^'^l e 155 
Bt 1 ic 1S5 

British Cotton-G rowan g As 
socntion 377 

British Isles, climate of, 287 
2S0 202 294 302 307.313 
Broads of Xorfoll 147 
Brox a coal 7 225 
Buffalo 30S 
Budding stones, 20S 
Burnltv Ba^m and Coalfield 
120 131 224 
Butter ^06 

Bins Ballot’s Law, 271, 27S 

C-’cao, 332 363 3S7 
Calcareous rod ^ 7 
Crider Kn c^'^nd basin Lanca- 
durc 120 1 31 

Calcdoann Mountains 71, 79 
oC 

C *’! ch» 222 

r-imd 307,308 309*405 4*0 


Camels of South \merica 402 
Camphor 341 3S7 
Campine (Belgium) 107 
Campsie Fells 135 
Canadian Shield 80-82 116 
Canary Islands t6i 165 196 
Cancer, Tropic of Sec Tropics 
Cannel coal 7 225 
Canons 87, 136 137 
Cantabrian Mountains 160, 

161 

Capncom, Tropic of See 

1 ropics 

Carbonaceous rocks, 7 
Carboniferous Limestone, 16 
40 91 141, 215 218 237 

258 

Caribbean Sea, 167, 190, 194 
Canbou 404 
Carmvores 397 399 404 
Carpathian Mountains 33, 69 
So 122 232, 386 
Carrot 357 

Cascade Mountains, North 
Amenca, 54, 70, 130, 345 
401 

Caspian Sea, 35, iii, 113, 115, 
1 13 159 220,232,300 
Cassava 360 

Castle Head Keswick, 29 
Castor oil 384 386 
Cat 399 

Catalonian Mountains, 129 
Cattle, 308 

Caucasian race 418 421 
Caucasus Mountains 32, 54 
70, 105 no, 232 240 296 
Cedars, 339 341, 391 
Celsius 62, iSi 
Celtic language, 422 
Central Projections, 453 
Central Valley, of Scotland 

135 

Cereals, 340, 342, 348 et seq 
Cevennes Mountains, 78 124 
Ccvlon, 1S7 3*1.312,362,363 
37s 3S9 423 4^2 
Chablais Alps 139 
Cinlk borings m, 248 
Chalk rock 15 
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Challenger Ridge, i86 
Charas, 379 
Chatt-el-Arab 124 
Chemical industries, 222, 433 
Cherry, 369 

Chestnut, 339, 34 ^* 3^7 
Chick-peas, 356 
Chiltern Hills, 63, 65, 100, 248 
Chimpanzee, 396 
China, 86 112, 163 170. 172* 
287, 290, 354, 362, 374, 386, 
389, 408, 427. 43 ^ ^ 

China, climatic type, 286, 287, 
289, 304, 341 
Chinook ^Mnd, 308-310 
Christianity, 423 
Chrome leather, 383, 408 
Cinchona, 341, 374 
Cinder cones, 26 
Cinnamon, 373 
Citron, 367 

Clarke's Projection, 459 
Clay, 7, 212, 245 
Cleavage, slaty, 97 
Cleopatra's Needle, 213 
Climatic diagrams, graphs, 
321-327 

Climatic factors, summary, 
262 

Cloves,. 332, 373 
Cluses. 13 1 
Coal, 6, 7, 223 et seq 
Coal Measures, 16, 141, 209, 
212, 220, 237, 238 
Coastal openings, 167 
Coastal plains, 105, 125 
Coast erosion, 56, 57, 177, 179 
Coast-lines, 160, 180 
Cocoa, 363, 384, 386 
Coco-nut, 332, 364, 365, 384, 

387 „ ^ 

CoSee, 338, 363 
Coir, 365 

Col (of atmospheric pressure), 
278 

Cole, G A J , 21, 59 i 82 
Colorado, nver and plateau , 

77 » S7. 137^ 

Columbia plateau, 77 
Columbia River, 44 


Colza oil, 385 
Como, Lake, 159 
Concordant coasts, 160, 161 
167, 168 

Conduction of heat, 258 
Cone, projections on, 452, 
464 et seq 

Conformal maps, 452 
Conglomerate, 6 
Congo, River, 51, 289, 331, 
337, 389 

Conical Projections, 452, 464 
et seq 

Coniferous forest, iii, 344, 

391. 398, 404 

Comston Lake, 159 
Connemara, 216 
Constance, Lake, 156, 158, 159 
Continental Edge, 167, 185 
Continental Shelf, 125, 167, 
184 

Continental Slope, 185 
Continent-b u 1 1 d 1 n g move- 
ments, 62 

Convection of heat, 258, 259 
Conventional Projections, 452, 
467 et seq 
Copernicus, 441 
Copper ores, 241 
Copra, 365 
Coral reefs, 175 
Cork oak, 339, 391 
Corrasion, 49 50 
Corrosion, 49 
Coruisk, Loch, 151 
Cotentin (peninsula), 72 
Co-tidal lines, 204, 206 
Cotopaxi, Mount, 27, 29 
Cotton, 118, 338, 341, 342* 
376 et seq , 393 
Cotton-seed oil, 384, 385 
Cranberry, 372 
Crater (volcano), 26, 28 
Crater lakes, 143, 149 
Craven Fault, go 
Craven Gap (=Aire Gap), 90 

157 

Crocodiles, 396 

Cross Fell, mountain, 132 

Crummock Water, 157, 159 
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Crust'll mo\emcnts 6i 
Crust blocl ^ 73 76 7S 124 
Crust of earth 3 
Crystalline schists 12 
Currants 368 

Currants black and red 3^6 

372 

Currents Ocean 102 et seq 
Cur\ aturc of ear^h *142 
C) cle of nrosioii S3 
Cyclones 271 272 274 298 
C\ clonic ‘Storms 39 
C\lindncal Projections 452, 
45S ct seq 

Cyprus Island, lOS, 3S4 
Czechs 424 

Dakota Bid Lands of 77 87 
119 

Dakota Black Hills of 117 
Dalmtiin Coast 174 301 
Diri'^on 370 

Danube Kuer 49 51 100, 

122 124 147 174 225 300 
Dardanelles i 6 q 
Dar in Charles 6r 411 426 
Date (fruit), 330 3G4 365 
Da^t L ne 4 

Daiis Vi M 94 loi 136, 

in 17S 

Dead Sea 33 134 14^ 150 

220 221 

Deccan (India) S 76 77 78 
125 166 

D^ciauous forests 112 344, 

301 

Delta fross 302 
DcU'^*^ 50 106 147 
Dcniiicnd ''Tount 32 
Density (of sea \ atcr) 191 
Dent B^ocl fPcnnmcs), 90 
Dent de dorclcs 66 139 
Dent du Midi Oo 139 
Den* Pault 90 

Dent (tooth) mountain form 
bS 

Di. ij{* ition 67 84 
O'^rl shire go^'i of 8 q 
Ucr itNvatcr L.1I e i:>4 159 
Deserts 5 396 410,429 


Diablcrcts Mount 139 
Diathermous ( ur) 254 
Dinanc Alps 16^ 174 301 
Dip slope 63, Ob 
Discordant coasts 160 lOi 
167 1C8 

Dogger Bank, loS 
Dolines 149 
Dollart See 108 
Dolomitic limestone 21S 434 
Dolphin Ridge 1^6 
Dome dissection of 94 
Don Ri\cr, 113 174 
Doubs River 141 
Doi refeld 79 

Dral ensberg Mountains 88 
318 

Dra\e Rucr 130 
Dromedan 398 
Dunes sand 107 
Duira 354 
Dust storms 39 
Die-i^oods 381 
Dvnamic pressure ii 


Eagre (bore estuaries) 205 
Earth shape and size of, 3 
HI 

EarthqudKc^ oi S3 
East Greenland Current, 196 
Ebony 332 300 
Ebro Rntr and \ alley, 129 
Ecliptic Plane of 443 
Ecologi 3 ^o 

Economic plants, 34S et seq 
376 ct seq 
Ecuador 284 35 j 
Eden Vale of 132 210 
Ediiard Lake 144 
Eifel Plateau 72 75, 79 139 
150 215 
El holm, 27S 

Elbe River 90, loS 138 178 
300 

Elburz Mountains 32, 54 70 
76 

Elephant, 395 
Emu 397 
Epigcne forces, 37 
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Equal Area (equivalent) Maps, 

452 

Equatorial belt, 283, 330 
Equatorial Currents, 194 etseq 
Equinoctial Spnng Tides, 201 
Equinox, 255 
Eratosthenes, 441 
Erebus, Mount, 31 
Ene, Lake, 158 
Erosion, 38 et seq , 71, 84, 
15I1 153* 176, 179 
Erosion by glaciers, 81, 82 
Erosion, cycle of, 85 
Erosion m Alps, 68 
Erosion, Mountains of, 84 
Erosion, Valleys of, 136 
Erz Mountains, 72, 78 
Escarpment, 98 
Eskimos, 417, 430 
Esparto grass, 340, 392 
Estuanes, 205 
Etangs, 174 
Ethiopian man, 418 
Etna, Mount, 27, 28, 29, 32 
Eucalyptus, 340, 389, 391 
Euphrates, River, 124, 336 
Eurasia, plains of, 105, 115, 
117 

European climate, 295 
European plains, 147, 163, 169 
European Pressure Systems, 
269 

Everest, Mount, 183 
Extracts, tanning, 382 


Fairfield Mountain, 94 
FallJands Current, 195, 196 
Fall Line, 125 
Fanna, 352 

Faroe (or Faeroe) Islands, 24 
Fault valleys, 128, 131 
Fearnsides, W G , 95 
Feldberg Mountain, 74 
Ferrel's Law (winds), 271, 278 
Fiards, 171, 173 
Fichtelgebirge, 72 
Fig, 33b, 34O1 342 » 367 
Filbert, 367 
FingaFs Cave, ii 
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116, 151, 153, 300 
Fiords, 133, 171, 172, 174, 
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Fire-clays, 213 
Fissure-lavas, 8, 24, 36 
Flagstones, 218 
Flanders, 106 
Flavo, Lake, 108, 127 
Flax, 378 
Fohn wind, 310 
Fohrden, 173, 174 
Fold-mountains, 63 et seq , 
124 

Food plants, 348 
Forest of Dean, 209 
Formosa Island, 30, 389 
Fox, 399 

Frazer River, and plateau, 77 
Free Atmosphere, 278, 279 
Freestone, 21 1 
Fnsches Hafi, J09 
Fnsian Islands, 108, 127 
Frome, River, and valley, 129 
Fruits, 364 
Fuels, 223 

Fujiyama Mountain, 27, 29 
Fundy, Bay of, 205 
Furness Abbey, 210 
Fustic, 382 

Gabbro, 151, 213, 217 475 
GalFs Projection, 463, 465, 
472 

Galton, Francis, 277 
Gambler, 383 

Ganges, River, and valley, 125, 
130, 146, 147, 311, 312, 428, 
432 

Gangue, 347 
Gas laws, 252 et seq 
Gault, 15, 212 
Gazelle, 399 
Geest, 107 
Geikie, J , 83, 416 
Geikie, Sir A , 21, 36, 38, 
59, 82, 142 

Geneva, Lake, 152, 155, 156, 

isS, 159 
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Gco!og\’’ bibliograph) 21 
Gc^scrs 35 

Glnb, Mountains 7S 311 
Giant s Castle 8S 
Giant s Cau‘^e\\ av 1 1 
Gibbon {moni e>), 39G 
Gibraltar 410 
GmgclK oil 3S6 
Ginger 352 372 
Giraffe 397 
Glacier^ 52 et seq 
Glacial erosion, 53 
Glacial mad 53 155 
Glen More, 73 133 
Glcn Ro\ 146 

Glens Highlands of Scotland 

133 

Globular Projection, 470 
Gnci'^- 12 93 21 j 
Gnomonic Projection 453 
Goat 30S ^02 405 107 
Gold 23^ 2^0 241 
Golden Gate 130 
Gond^\ analand i G6 
Gooseb^rrv 3*^6 372 
Gorcre=^ Sb 137, 138 
Graham Land 1S7 
Gram (cereal) 35O 
Gramp an Mountains 60, 73 
Gr^n Llnco 121 
Granuc 10 11,1^,213 217 
G'aMc iL (maps) 452 
Grt'’ G^cn Scotland 145 
Great L'^l es North Vin erica 

Grt-'t St B.’-nard Pa^s 69 
Gre'^t Salt Lai e Utah 156 

G’‘cen2''”^c 370 
G-c^nhea-^, 332 500 
Gmcrland 31 173 1S6 430 
G’'c n^^'^nd i:> 

G^ecn\ ich Tim?', 4^8 '{59 
Gr^.'^om J 82 S3 loi, 
*oj 182 2,0 

Grtgo"" Sir \ preface 
G*-! id*^ nne 219 
G’“ou''d Hut Oil ab^ 3S5 
Gu'^dalquu cr Rncr 12 j 133 
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Guiana 104 2S6, 333 
Guinea Gulf of 163 16S 197 
Gulf Plain North America 
116 117 

Gulf Stream 55 194, 195 
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Gums 38S 

Gutta-percha, 332, 390 


Hafifs 109 174 
Hamitic group of men 422 
Harkcr A 21 151 
Harz Mountains 72 
Hawaii 25 
Heidelberg jaw 414 
Heligoland 17S 
Helvell>n Mount 94 
Hemlock, 391 
Hemlock-spruce bark, 3S3 
Hemp, 379 

Hcmp-sced oil 384 386 
Henequen, 379-3S0 
Herbivores, 404 
Herculaneum 8 
HercjTuan movements 72 
Hickory nut 367 
Highlands of Scotland 15, 72 
79, 80 93 102 135 151, 292 
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70 76 125 138 141 3^1 

313 402 

Hindu Kush 70 76 114 
Hippopotamus 396 
Iloango-ho River, 86 170 431 
Hobbs W H , 143 159 
Holderncss coast of, 58 147, 
177 

Homer 371 

Homolographic ^laps 452 
Horn Alpine mountain 
form 68 
Horn Cape, 187 
Horse, 395. 39 S 390 405 A<^9 
Horst 73 134 16S 
Hot springs 70 247, 248 
Houses of Parliament 21 1 
Idudson Ba> , 77 So 116 121, 
16S 171 190 to^ 
Humming-birds 396 
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Hungarian Plain, 75, 122, 424 
Hungarian Sea, 75, 145 
Hunsruck, 72, 79 
Huron, Lake, 158 
Huxley, T H , 414 
Hyaena, 397 
Hydrosphere, 4, 251 
Hypogene forces, 37, 58 

Ibex, 402 
Icebergs, 55 

Iceland, 7, 31, 35, 54, 148, 
173, 187, 268, 463 
Idaho, 24 

Igneous rocks, 7, 213, 214, 217, 

238, 475 

India, chmate of, 310 et seq , 
321 

Indian Ocean, 19, 25, 185, 
187 290 

Indian Ocean, Currents of, 
I 93 » 197 
Indigo, 341. 381 
IndO“Gangetic plain, 125, 130 
Indus, River, 125, 138, 141, 

313* 336, 432 

Industrial Revolution, 434 
Ingleborough, mountain, 
Insolation, 255 

Intermediate igneous rocks, 

475 

Intermont plains, 122 
International Date Line, 449 
" International Rlap,'* 450 
Intrusive igneous rocks, 9, 10 
Iodine, 245 
Ions, 188, 189 
Iquitos, 121 
Iran plateau, 76 
Irish Elk, 416 

Iron ores, 234, 237, 243, 435 
Irrawadi, River, 130, 166, 

356 

Irrigation, 313, 338, 3^0, 341, 
342 

Isallobars, 278 
Isobars, 267 
Isogonal maps, 452 
Isostasy 19 
Isothermal Layer, 280 


Isothermal maps, 294 303 
Izalco Mount, 27 

Jade Bay, 108 
Jaguar, 395 

James, Sir Henry (projection), 

458 

Jan Mayen, 31 

Janina, Lake, 149 

Japan, 14, 70, 186, 225, 355. 

383* 389 

Japan Sea, 73, 170 
Japanese Current, 197 
Jarrah tree, 391 
Java Island, 26, 32, 70, 333, 
414 

Jelutong, 390 
Jordan, River, 134 
Jorullo, Mount, 27 
Judaism, 423 
Judd, J W , 21, 33, 36 
Jukes, J B , 131 
Jukes-Browne, A J , 21, 102, 
103 

Jura Mountains, 65, 89, g8, 
100, 130, 131, 141, 142 
Jute, 379 

Kaiserstuhl,( 74 
Kalahari, 319, 337 
Kamchatka, 30, 70, 162 
Kamchatka Current, 197 
Kansas, River, 117 
Karakorum (or Karakoram) 
Mountains, 70, 76, 431 
Kara Kum, 115 
Karoo, 343 

Karst, 40, 43, 149, 174, 301 
Kashmir, 313, 406 
Katrine, Loch, 157 
Kauri, pine and gum, 388, 391 
Kendall, P F , 155, 416 
Kenya, Mount, 33 
Khorassan Mountains, 70, 114 
Kilauea, Mount, 26 
Kilimanjaro, Mount, 33, 34 
Kiolen Mountains, 79 
Kisil Kum, 1 15 
Kivu, Lake, 144 
Kopet Dagh Mountains, 76 
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Korea, 73 

32 

Kropotkin P , 309 
Kuen Lun Mountains 70, 76 
Kurdistan Mountains, 76 
Kurile Islands 30 
Kunsches Hafl 109 
Kuro Sliii\o, 197 

Laachcr Sec 1 50 
Labrador 70 So 173, 1S2 
Labrador Current, 55, 105, 

196 

Ladoga Lake, 112 153 
Lagoons 6, 50 106, 123, 147 

173. ^74 ^ , 

Lake District England 04 

96, 132, 145 151. 15^* ^57 

212, 237 2Q2 
1^1 cs, 143 ct seq 
Lambed s Projections, 456 
e* seq 

Lamplugb G , 3S, 416 
Uanaes X47 163* ^74 3^9 
Land-forms, S Co 84, 104 

128 

Lapilli 23 

La Pia^^a Rner, X2o, 121, 33S 
Lapparert 'i. dc 103 
Lapps 419 430 
Larch-barl 3 S3 
La* cat heat abo, 261 
I^avitvde, 442, \ j6 452 
Laurtntian climate 2SS, 2S9, 
303 343 , 

Lau^cntian pP can, 70, roi 
no, 151 

T-^urcntiaa ShicM 80-82,116 
KaiirMg 213 
Lava, 7 8 9 22 ctscq I 
Lava cones 23 
Le-’d and le^'d o^e 23S 242 
Le Jb\cr 131 
Loruaiiaous pl-^n*^ 350 
Ltm-^a 33C 5^0 5C7 
Lc-*ils 336 357 
Le^^^'^i 3S4 
Lcopa^'d 305 
M Isle of, 151 
Li-’nas 331 


Libreville 333 

Lignite 7 225 435 

Lignum Mtre 332 

Ligunan Sea, 16S 

Limans, 173 

Lime (fruit), 367 

Limestone, 6 7, 210, 212. 

215 219 215 
Linen 378 
Linnojus 62, 181 
Linseed 37S 3SC 
Linseed oil, 38 386 
Lion, 397 

Lisbon earthquake, 34 
Lithosphere 4, 17 
Livingstone David 38 
Llama, 403 
Llanos, 121 
Loess 5 86, 112 138 
Logv^ood 332,382 
Lombardv, Plain of 75, 123, 
432 

Lomond, Loch, 159 
London Basin 63-65 128, 

24S 249 

London Bridge 213 
London Clav 212 
Longitude, Meridians of 446, 
45 * 

Loo Choo Islands 30 
Lome, Tirth of, 133 
Lo'^raine 225 434 
Lucerne Lake, 66 152 
Luneberg Heath 109 
L>dc L Vv , 126 440 
L>cn Sir C, 12, 2O, 59 117 
iSo, 1S2 
Lvnx, 39S, 399 

Macaroni, 350 
Macav\s, 396 

Mackenzie Kivcr, 117, 289 
Mackinder Sir H J , 120 
Madagascar Island 1S7 2S6 

Madder 3S2 
Magadi Lai e 221 
Magnesian Limestone, 21 1 
Magnetite, 230 
Magvars 425 
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Mahogany, 332, 390 
Maize, 1 19, 338, 340, 341, 342, 
346, 352-354» 432 
Malar, Lake, 153 
Malaysia, 35, 70, 164, 165, 242, 
360, 372, 383, 389 
Malt, 351 

Malvern Hills, 209 
Mamelons, 25 
Mammoth, 416 
Man, antiquity of, 413 
Manchester, trade centre, 433 
Mangrove swamps, 175, 177 
Manila hemp, 379 
Manioc, 332 
Manitoba, 119, 350 
Manych depression, 113 
Map Projections, 451 et seq 
Maps, 450 et seq 
Marble, 215 

Marine denudation, plains, 
104 

Marjeelen See, 145 
Markhor (goat), 402 
Marmora, Sea of, 193 
Marr, J E , 21, 82, 94, 159 
Masurian Lakes, 109, 112 
Mat6 {“ tea ”), 341, 364 
Matra, 33 
Matterhorn, 68 
Mauna Loa, Mount, 25, 26 
jMazania (goat), 402 
Mediterranean climate, 286, 
289, 29S, 301 et seq, 314, 
318, 338, 340. 341, 389, 391 
Mediterranean Man, 419 
Mediterranean region, 33, 339, 

340. 347. 398 

Mediterranean Sea, 143, 144, 
16S, 170, 180, 189, 190, 

201, 295, 296 
Mekong, River, 130 
Melon, 336 
Memel, l^ver, 108 
Mendips, gorges of, 89 
Mercalh, 29 

Mercator *s Proj ection, 46 1 , 
462, 472 

Meridians, of Longitude, 445 
Menno sheep, 406, 407 


Mersey, River, and region, 180 
222 

Mesas, 88 

Meseta (Spain), 72, 75, 78, 
124, 133, 164, 240, 401 
Mesopotamia, 124, 290, 296, 
422 

Metamorphic rocks, ii, 12, 13, 
14, 80, 214, 239, 243 
Meteorological Office, 278 
Meteorology, 274 
Meuse, River, 99, 106, 139, 
2i5» 434 

Mevican Plateau, 26, 70, 77, 
150 

Mexico, 26, 30, 240, 307, 375, 
401 

Mexico, Gulf of, 77, 116, 125, 
163, 167, 170, 190, 194 
Mica, 244 

Michigan, Lake, 158, 239 
Midland Valley, Scotland, 34, 
60, 223 

Mill, H R , I, 59, 112 
Miller, Hugh, 209 
Millet, 341, 354 
Milhbar (of pressure), 267 
Millstone Gnt, 16, 39, 40, 72, 
91, 141, 159, 209, 218, 219 
Mineral springs, 45, 46, 248 
Minimum Error Projections, 
458, 459 

Minnesota, 118, 119 
Mississippi, River, 51, 116, 117, 
121, 131, 146, 147, 167, 

248, 308 

Missouri, River, 117 
Modena, bonng at, 123 
Mohair, goat and fibre, 341, 
398, 408 

Mohammedanism, 423 
Mollweide*s " Projection,'' 469, 
^73 

“ Monadnocks, 93 
Mongolian man, 418, 424 
Monsoon climate, 289-291 

310. 314 , 

Monsoon lands, 362, 396 
Mont Aux Sources, 88, 89 
Mont Blanc, 68, loi 
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Mont St Michel, 29 

Monte Nuo\ o, 26 

Mon.ines gHcial, 53, 109, 148, 

152, 172 

I^Iorar, Locli 159 
Moray Firth, 133 209 
I'ilon. an plateau 73 
Mouflon, 402 

Mountain-buildingmovements, 

62 

I\Iountam-nms of plateaux, 78 
Mud-\ olcanoes, 35 
Mulbcrr}, 341, 392 
Mull Island, 24 
Murchison, Sir R 141 
Murray, River, 146 314, 341 
Murra>, Sir John, 56, 1591 182 
185 207 
Muscatel, 368 
Musk ox, 403, 404 

Isatal, 88, 318 362 
Nautical Almanac, 447 
Neagh, Lough, X59 
' Neanderthal Skull, 414 
Neap Tides 201, 203 
Necks, \ olcanic, g, 29 
Nchrungs, 174 
Neolithic man, 414 415, 417 
Ness, Loch, 133 159 
Netherlands, 106 
Neutral coasts, 162, 163 
Ne\ada, 134 
Nc\%foundland, 165 
Ne^^ Guinea, 186 
Ne\^ lands Beck 154 
New Red Sandstone, 210 
Newton Sir Isaac, 441 
New Zealand, 30 35, 54 70 
159 172, 1S6, 225, 288,3^3 
3hS 407 

New Zealand Alps, 54, 173 
Nicl cl and ores, 242 
Nile Ri\cr, 14S, 336, 3^9, 42S, 
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Nomads ^28 
Nordic man, ^20 
Norfolk coast (England), i ^7 
North Amcncan Pressure 
S>stcms 270 


North Atlantic Drift, 55 
North Downs, 15, 64, 65 98, 

100, 169, 248 
North Sea ice-sheet, 108 
North Sea, salinity of, 189 

193 

Norway, changes of level, 62, 

181 

Norway Deep 153 
Norwegian mountains, 54 
Nutmeg, 332, 373 
Nyassa, Lake, 134 144, 150 

159 

Oak and oak-bark, 339, 383 

391 

Oases, 336, 429 

Oats 352 

Ob, Valley of, 113 

Ocean Currents, 192 et seq 

Ocean depths, 183 et seq 

Ocean drifts, 200 

Oceanic Plain, 185 

Ochil Hills, 135 

Oder, River, 300 

Ohio River, 118, 435 

Oil-cake, 385 

Oil-fields, 231 

Oil-shales 233 

Okhotsk, Sea of, 170, 189 

Oldenburg, IMarsh of 108 

Old Red Sandstone, 209 

Olive. 336, 340 369 

Olive oil, 369 384, 3S5 

Onega, Lake, 153 

Ontario, Lake, 158 

Oolitic Limestone, 211 

Opium, 341, 373, 374 

Orange, 33G, 340, 366 

Orange Free State, 318 

Ordnance Survey 450 

Oregon, basin of, 134 

Ores of metals, 12 233 ct seq 

Organic rocks, 6 

Onnoco, River 120 

Ornamental stones, 20S 214 

Orthographic Projeclion 457 

Orthomorphic maps, 452 

Ostrich 307 

Ourang-outang, 396 
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Pacific coasts, 161, 163, 164 
Pacific Ocean, 25, 30, 1 61 , 

163, 164, 185 

Pacific Ocean, Currents of, 
197, 200 

Palaeolithic Period, 415 
Palm-kemel oil, 384, 388 
Palm oil, 381 387 
Pamir Mountains, 42, 70, 431 
Pampas, 120, 122, 343, 39 1, 
400 

Paper-making, 340, 344, 3S8, 

392 

Para, 332 

Paradise, bird of, 396 
Paraffin, 232, 233 
Paraguay * tea," 364 
Parallel Roads of Glen Roy, 
146 

Parallels of Latitude, 445 
Parasitic cones, 28 
Pans Basin, 99 
Parrots, 396 

Paving-stones, 208, 216, 218 
Peach, 340, 34T, 369 
Peak, Derbyshire, 157 
Pears, 341, 34^, 37^ 

Peas, 356 
Peat, 6, 7, 223 
Pechih, Gulf of, 167 
Pelde, Mount, 31 
Pendulum, 19 

Peneplane (peneplain), 79, 80, 
loi, 104, 151 
Pennant Grit, 209 
Pennine faults, 90-92, 132 
Penmnes, 4, 15, 39, 90, 155, 
156, I57» 211, 220, 223, 437 
Pennsylvania, 435 
Penyghent (Penygent), 43, 92 
Pepper, 372 

Persian Gulf, 124, 161, 164, 
166, 167, 189, 190, 366 
Peru Current, 198 
Peruvian bark, 374 


Petrographical provinces, 33 
Petroleum, 230, 435 
Philippines, Islands, 30, 375 
Phosphorus and phosphates, 
235» 244 

Pickering, Vale of, 129, 131 
395* 408 
Pig-iron, 243 
Piltdown skull, 414 
Pimento, 373 

Pine {and see Taiga), 341, 388, 
39L 392 

Pineapple, 338, 364, 365 
Pipes, Igneous, 9 
Pithecanthropus, 414 
Piz, Alpine mountain form, 68 
Plains, 104 et seq 
Plane of Ecliptic, 443 
Plane Projections, 453 et seq 
Plantain, 332 

Plants, economic, 348 et seq , 
376 et seq 

Plateau de Langres, 99 
Plateau, Great Lakes, 116 
Plateau-lavas, 8 
Plateaux, 18, 75, 79, 82, 102. 
104 

Plateaux of North America, 
ii9» 165, 306 
Platinum, 236 
Plugs, of volcanoes, 29 
Plum. 346, 369 

Plutomcrocks, 10, II, 217 475 
Po River, 123, 124, 147 
Poland, III 
Polar bear, 403 
Polycomc Projection, 466 
472 

Polyen, 149 
Pomegranate, 336 
Pompeii, 8 

Pontic Mountains, 76 
Popocatapetl, Mount, 27 
Potatoes, 346, 358 
Prairie, 112, 118, 122, 343, 
398, 399 

Pressure of atmosphere, 252 
et seq 

Pressure Systems, 264 et seq 
Pnpet, marshes of, 112 
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Projection'’ of Maps, 451 
et seq 

Prunes, 370 
Puget Sound, 130, 161 
Pulses, 356 
Pumice, 23 

Punjab, 311-313, 406, 432 
Pusstas, Hungar}% 123 
Puys, Auvergne, 78 
Pyramids of Egypt, 212 
P3a’enecs l\rountains, 69, 160 
347, 402, 421, 422 


Quader-Sandstem, 138 
Quartzite, 218 
Quebracho, 383 
Quinine, 374 
Quito, 284, 334 


Rabbit, 395 
Radial movement, 62 
Radiation, 255, 258 
Raft lakes, 148 
Railw ay-tow ns, 439 
Rainfall graphs, 320-327 
Rain-gauge 252 
Raised beaches, 181 
Raisins 340, 368 
Ramie, 341, 379 
Ramsay, Sir A 0,151 
Rapc-oil, 3S5 
Raspberry, 346, 372 
Ra} on, 392 
Rectangular P0I3 conic Pro- 
jection, 466, 472 
Red currant, 346 
Red River, 148 

Red Sea, 33, 73, 134, 189, 190, 

193 

Regional folding, 96 
Reindeer, 403, 405, 410, 430 
Religions, 423 425 
Renfrew Heights, 135 
Rcp^esentatl^ e Fraction 
(Maps), 450 

Residual mountains, 95 et seq 
Resin, 3SS 
Rcuss. Ri\cr, 13S 
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Rhea, 379 

Rhine, floods of, 156 
Rhine, nver and vallev 35, 
73» 75 106, 127', 129, 

134. I 35 » 13S, I 39 > 140* 

156, 214, 329, 434, 437 
Rhinoceros, 396 
Rhon IMountains 72 
Rhone, river and valley, 66, 
124, 129, 138, 139, 140, 

i55» ^[56 

Rhyolite, 213 475 
Rias, 171, 205 

Rabble, River, 51, 92, 141, 180 
Ribblesdale, 51, 92 
Ribbon lakes, 133, 150, 151 
Rice, 332, 338, 341, 354, 355, 

432 

Richtofen, Ferdmand von, 86, 
171- 

Riesengebirge, 72 

Riff coast, 161, 168 

Rift valleys, 33, 75 128, 131, 

134. 136, 139 144 

Road-metal, 208, 216 
Rock-salt, 220, 221 
Rock-systems, 17 
Rock tarns, 150 
Rocky Mountains, 8, 24, 70, 
77, 87, 116, 119, 120, 131, 
I37» 23S, 305. 310, 345, 401 
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Rosewood, 390 
Rowley Rag, 218 
Royal Commission on Coast 
Erosion, 57, 178 
Royal Commission on Coal 
Supplies, 227 
Rubber, 332. 389 
Rudolph, Lake, 33, 134, 144 
Rugen, Island, 109 ^ 

Rumania and Rumanians, 232 

425 

Russell, I C , 331 
Ru ssian climate, type, 296 
298, 299 

Russian Plain, 106, 110, 113, 
120 

Russian Platform, 80, no 
R^ e, 346 
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Sacramento Rncr, 130 
Sago, 332, 350, 365 
Sahara, 2 jh, 429 
St La\srcncc, Lakes of, 116, 

152 

St Michel, Mont (Au\crgnc), 
29 

St Vincent, Gulf of, 135 
Sahnitv, of sea uater, 188 
Salt, ifaS, 220, 221 
Salt lakes, 153. ^ 51 - 
Salt Lake, Utah, 77, 115. I 5 f>. 
159 220, 221 

Salwcn, Ri\cr, 130, 166, 35G 
Sand deserts, 1 15 
Sand dunes, 106, 107 
Sandstones, 4, 6, 20S ct seq , 
246, 217 

Sand\\ach Islands, 25 
San Francisco, 130 
Sanson -riamstccd "Projec- 
tion,” joS, jGg 473 
Saonc, Ri\cr and valley, 131 
Sarakamych depression, ii \ 
Sardinia Island, 75, 16S, 402 
Saussure, H B dc, loi 
Savana, 337, 33S, 3 ^ 2 , 39 <j 
397, 406 

Save, Rner, 130, 225 
Savon\. 435 
Scafcll 'Mountain, 94 
ScandinaMa, 13, 72 70, 107, 

109, 133. 153. 164. 23S, 2S5, 
295. 3 H - 

Scandina\ lan Shield, So 
Scheldt, River, 100 
Schcmnitr, 33 
Schists, 12, 93, 214 
Schollcncn gorge. 138 
Schyn gorge. 138 
Scoria, 23, 26 
Scotch pine, 392 
Scotland, IlighUnd Lochs, 145 
Scoto-Icclandic Divide, 187 
Scutari, I^hc, 149 
Seal, 404, 430 

Secondary Depressions, 27S 
Sedimentar> rocks, 4, 5, 214, 
235» 236 476 
Selvas. 394 


Semitic group of men, 422 
Sequoia, 340 
Serapis, Icniplc of, iSi 
Serpentine, 215, 216 
Sesame oil, 384, 386 
Shale, 7, 212, 245 
Shalc-oil, 233 
Shasta, T^Iount, 29 
Shatt-el-Arab (Chatt-cl-Arab) 

124 

Shea-butter, 3S7 

Sheep, 39S, 400, ^05, 406, 407 

Shield lands, 80-82 

Shotts, 129, 130 

Siberian plain, 113, ii 1, 120 

Sicily, 75 

Sldla^\ Hills, 135 

Sierra, mountain form, CS 

Sierra Morena, 78, 12 133 

Sierra Nevada, North -America, 

54. 70. ^30- 401 

Sierra Nevada, Spain, 32, 69, 

i2b i 33 i 402 
Sikiang, Ki\er, 431 
Silesia, 33 
Silica, 475 
Silk, 310, 380 
Sills, Igneous, 9 
Silver and ores, 241 
Simplon Pass, 69 
Sinai, Mount, 73 
Singapore, 321, 360 
Sinusoidal Projection, 469 
Sisal ** hemp,’' 3S0 
Sk>c, Isle of, 15 1 
Slate, 7, 212, 245 
Slaty cleavage, 97 
Slavonic man, 421, 425 
Sloth (animal), 395 
I Smith, William, 16 
Snag Lake, 14S 
Snowdon Mountain, S, 95, 97 
151 

Soap-making, 3S6, 3S8 
Sodium nitrate, 222, 245 
Sogne Fiord, 173 
Solstice, 443 
Solution lakes, 143, 148 
Somma, Monte, 28, 150 
Soufndre, 31, 150 
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South America, plains of, 120 
South Do\\ns, 64, 65, 98, 162 
169 

Southern Ocean, 197, 200 
Sova beans, 357 
Spencer Gulf, 135 
Spices, 372 
Springs 45, 246, 247 
Spring Tides, 201, 203 
Spruce, 392 
Squirrel, 398, 399 
StabiEC, 8 
Staffa II 

Starch, 346, 352, 359 
Stassfurt, salt deposits, 221 
Static pressure ii 
Steppes, 112, 115, 123, 343 
344. 399 » 409 

Stereographic Projections, 454- 
456 

Strathmore, 135 
Stratosphere, 256, 281 
St^a^\be^^>, 372 
Stromboli, 32 
Submerged forests, 1S2 
Sudd (of Kile), 148 
Sucss, E , 163, 166, 182 
Sugar-beet, 343, 346 361 
Sugar-cane, 332, 338, 341, 3G0 

361 

Sulaiman Mountains, 70, 76 
Sultanas, 368 
Sumach, 341, 3S4 
Sumatra, Island, 32, 70 
Sunda Strait 32 
Supenor, Lake, 159, 239, 435 
S^^ede (turnip) 357 
S\cnite 213 475 
Sjmchnal \alle\s, 12S, 131 
S^ncllne, 63, 65, 97, 128 
SjrDana (ri\er), 115 


Tabular Hills Yorks, 120 
T-iIgT 344 345, 39S, 399 

404 

TancanMl a Lake, 134 144 
Tangential mo\cnicnts, 33,62 
66 

Tangcnt-planc naps, 452-454 


Tanning matenals, 383 
Tapioca, 360 
Tapir, 395 

Tam, gorges of, 89, 138 
Tasmania, 317, 343 
Tasmanian natives 417 
Taunus Mountains, 72, 79 
Taurus Mountains, 76, 134 
Tay, nver and loch, 159 
Tchad, Lake, 144 
Tchemozoum, 112, 118 
Tea, 341, 362 
Teak, 333, 390 
Tectonic vallejs, 128 
Telegraph Plateau 186 
Teleki Mountain, 33 
Temperature curves, 320-327 
Temperature, in earth s crust, 

II 

Temperature, of sea v ater, 
190, 191 

Tenenffe Mountain, 27, 29 
Terai, 313 
Terror Mount, 31 
Teschen, 33 

Thames, Kiver and Basin, 63, 
64, 128, 129, 131 
Thar Desert, 312 
Theiss, River, 51, 122, 123 
Thermometer, 252 
Thian Shan Mountains, 70, 

76. 114 

Thibet (Tibet), 76, 401 
Thirlmere Lake, 151, 157 
Thorawood 33S 
Thunnger Wald, 72 
Tibenas, Lake, 134 148 
Tibet (Thibet), 76 
Tibetan Hlmala^ as, 76 
Tidal \\a\e, 193 200 
Tides, 56, 58, 200 et seq 
Tierra caliente, 284, 30S 
Ticrra del Puego, 31 
Tierra fna, 284, 30S 
Tierra hchda, 2S4 
Tierra teraplada, 284, 308 
Tiger, 395 
Tigris, Ri\er, 124 
Timan Mountains, iii, 116 
Timber, 390 
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rime. Local and Greenwich, 

Tin ores, 236, 241, 242 
Tin-stone, 236 
Titicaca, Lake, 77, 159 
Tobacco, 341, 342 
T6di, Alps, 139 
Topographical Maps, 450 
Tornadoes, 30, 30b, 309 
Tomdon Sandstone, 03, 209 
Torndonnn Mountains, 93 
Tow ns, location of, 427 ct seq 
Trachyte, 213, 217 175 
Trade Winds, 26^, 271, 2S5 
Trans-Sibcnan Railwa}, 114 
Trans\aal, 31S 
Trans^hania, 123, 232 
Tricnt, gorge of, 138 
Tropics, Cancer and Capri- 
corn, 256, 257. 290, 310, 313, 
330, 414 

Tropopausc, 2S1 
Troposphere, 2S1 
Tufl, Igneous, 8, 23 
Tugela Ri\cr, 89 
Tulare Lake, 130 
Tundra, no, iir, 116, 120, 
163, 288, 2S9, 300-30G, 344, 

„ 346. 372. 403 » 431 

lurkestan, 115 
Turkoman, Desert of, 115 
Turnip, 357 
Turpentine, 388 
Tuscarora Deep, 1S5 
Tyrrhenian Sea, 61, 75, 168 


Uganda, climatic type, 331, 
334 

Ullswater (Ulleswatcr), Lake, 

159 

Underground water, 41 et seq , 
246 

Ungulates, 397. 399, 40T, 408 
Ural Mountains, So, 105, no, 
IT2, 115, 239 
Unal (sheep), 402 
Ust Urt plateau, 116 
Utah, Basin of, 77, 134, 145, 
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Valdai Hills, no 

Vale of Pickering, 129, 131 

Valleys, 128 

Valloni, 175 

Van, Lake, 159, 221 

Vanilla, 373 

Vanscan Mountains, 72, 75, 78, 
345 

Varnishes, 3S8 

Vaseline, 232 

Vegetable oils, 384 

Veld (Veldt), 343 

Vcluwe, Netherlands, 107, 329 

Vermicelli, 351 

Vesuvius, Mount, 8, 28, 32, 

150 

Via Mala, 138 
Victona plum, 370 
Vicuna, 402 
Vine, 340, 341, 368 
Vistula River, 300 
Volcanic ash, 8, 9, 14, 23, 96 
Volcanic rocks, n, i j, 217 
Volcanoes, 7, g, 22 et seq , 134, 
150 

Volga, River, 112 

Vosges, Mountains, 72, 75, 79, 


99. 437 

Vulcanising rubber, 389 


Wadden, 106, 174 
Waes (Wass), 106 
Walnut, 339, 341. 367 
Walrus, 404 
War Ofiice, 466 
Washington State (U S A ), 24 
Wass (Waes), 106 
Wastdale, 95 
Wast\\ater, Lake, 159 
Water-power, 229, 436 
Water-supply, 245, 436 
Water vapour in air, 253 etseq 
Weald, 64/65, 141, i6g 
Weasel, 399 

Wedge, of pressure, 278 
Wener, Lake. 153, 159 
Weser, River, 108 
West Australian Current, 199 
West Riding, Yorkshire, gorges 
of, 89 
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Western aid, 72, 139 
Wetter, Lake, 153, 159 
Whale, 430 
Whalley Gap, 129 
Wharfedale, 92 
Wheat, 119, 338, 340, 341, 346 
349-351, 432 
Wheat harvests, 350 
Whernside, Great, 92 
Whm Sill, 218 
Whirhvinds 308 
White River of Dakota, 77 
White Sea, 105, 115, 153, 167 
169, 295 

Wild ass 397, 39S 
Windermere 159 
Wind gaps, 100 
Wine 368 
Woad, 382 
Wolds, 129 
Wolf, 399 403 
Wood-pulp, 219 344, 392 
Woodvard, Sir A S , 414 


Wool, 407 

Wyville-Thompson Ridge, 187 

Yang-tse-Kiang, River, 130, 
138, 170, 205, 380, 428, 431 
Yellow River, 86, 431 
Yellow Sea, 73, 170 
Yellowstone Park, 35 
Yenisei, River 113, 115 
York (North) Moors, 129, 155 
Ypres, 106 

Yukon, nver and plateau, 77 

Zabem Gate, 99 
Zagros Mountains, 70, 76, 124, 
166 

Zambesi, River, 134, 144 
Zebra, 397 
Zebu, 398 

Zenithal Projections, 450, 456 
Zinc and zinc ore, 238, 243 
Zirknitz, Lake 149 
Zuyder (Zuider) Zee, 108, 127 





